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Rats initially fear humans which can lead to negative affect, poor welfare, and difficult 
handling. Also, modeling and measuring positive affect states in rats can pose an 
additional challenge. Heterospecific play, or “tickling,” is a handling habituation 
technique that mimics rat rough-and-tumble play that is being used to study positive 
affect. It can also be used to reduce fear of human, improve welfare, and elicit a positive 
affect state. However, current studies implementing the technique in laboratory rats use a 
wide variety of protocols to achieve differential results. Unlike in laboratory 
environment, pet store rats experience high levels of novelty and potentially inconsistent 
human interactions which may reinforce fearful human-rat relationships. Thus, pet rats 
may experience benefits from tickling. Also, although anecdotal information suggests 
tickling may have positive effects on humans, this assertion has not yet been empirically 
validated. The central hypothesis for this thesis was that tickling rats would improve rat 
welfare and human-rat interactions. 
 
A systematic review of empirical research using rat tickling identified 55 experiments 
within 32 articles. Although a wide variety of methods were used, main outcomes of 
tickling compared to a control condition included increased number of positive 
vocalizations and approach behavior, decreased anxiety and fear metrics, improved 
handling reactivity, and, in some cases, decreased stress hormones. There were also 
specific factors that could moderate outcomes from tickling including rat age, housing 
type, presence of bedding, and inter-individual differences. The most consistent effect 
found was that there are distinct inter-individual differences in rat response to tickling in 
that some rats consistently produce more 50-kilohertz vocalizations, a measure of 
positive affect, than others. Rats that produce more 50-kHz vocalizations are termed 
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high-callers. Overall, our review showed that tickling is a promising method for 
improving rat welfare and investigating positive affect, but that further investigation into 
best practices is warranted. 
 
To expand the current research conducted on laboratory rats into the pet store setting, we 
investigated the effects of tickling pet store rats on human-rat interactions, animal 
welfare, as well as all the people that interact with the rats. We predicted that tickled 
high-calling rats would show the most positive responses and that humans would be 
positively affected by tickling. In each replicate, rats were first randomly split into 
control handling and tickling groups; tickled rats were further split into two groups based 
on their number of vocalizations produced during 3 days of tickling for 5 minutes a day. 
Once the rats were allocated to their groups, trained employees tickled animals from both 
tickling conditions for 4 days. We assessed employees using the Animal Empathy Scale 
and the Positive and Negative Affect Scale. Using a survey, we asked customers which 
cage of rats they would purchase and which cage of rats looked happiest. Finally, we 
assessed new rat owners with surveys and the Lexington Attachment to Pets Scale. We 
assessed rats using in cage video behavior, fecal corticosterone, and an unfamiliar human 
approach and restraint test. 
 
Our results showed that tickled rats were easier and faster to restrain and were less 
inactive than control rats. Additionally, behavioral factors such as high activity were cited 
as very important to selection by both in-store customers and new rat owners. Employee 
affect and overall animal empathy were unaffected by short-term tickling, but at the point 
of sale employees were slightly more positive about selling control rats. Finally, 
customers were more likely to identify tickled high-calling and control rats as being 
happier. In the unfamiliar approach tests, tickled low-calling rats showed more behaviors 
indicative of anxiety and fear than tickled high-calling rats.  
 
Taken together, the results of this thesis build upon previous tickling literature by 
presenting an original application of tickling in pet stores as well as evaluating the 
technique’s effects on humans. Overall, based on the welfare benefits of tickling for rats 
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combined with short-term minimal to positive effects for humans, we recommend using 




CHAPTER 1. A SYSTEMATIC REVIEW OF RAT TICKLING: 
APPLICATIONS, OUTCOMES, AND OUTCOME MODERATORS 
Abstract 
Background. Rats initially fear humans which increases their stress and can impact study 
results. Additionally, modeling and studying positive affective states in rats has proved 
challenging. Rat tickling is a promising habituation technique that can also be used to 
model and measure positive affect. However, current studies use a wide variety of 
protocols to achieve differential results. Our objective was to systematically identify, 
summarize, and evaluate the research on tickling in rats to provide direction for future 
investigation. Our specific aims were to (a) describe the current methods used in tickling 
experiments, (b) describe outcomes from tickling, and (c) summarize the factors that have 
the potential to alter tickling outcomes. 
 
Method. We systematically evaluated all peer-reviewed, empirical articles about tickling 
identified from PubMed, Scopus, Web of Science, and PsychInfo. Our inclusion criteria 
were (a) publication in a peer-reviewed journal and (b) collection of original, empirical 
data on rats using the handling method of tickling. One researcher extracted information 
from each article. Bias was also assessed by 2 investigators using the SYRCLE bias 
assessment tool. 
 
Results. We identified thirty-two articles (56 experiments) published in peer-reviewed 
journals about rat tickling for inclusion. A wide variety of strains, sexes, and ages of rats 
were included. The most common method used for tickling was cycling through 15 
seconds of tickling and 15 seconds of rest for 2 minutes for 3 to 5 days. Experiments with 
a control for tickling (N = 21) showed that tickling increases positive vocalization, 
approach behavior, decreases anxiety measures, improves handling, and in some cases 
decreases stress hormones. Tickling juvenile, individually housed rats with a trait 
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predisposition to respond more positively to tickling results in the most positive 
outcomes. Methods to reduce bias were often insufficiently reported. 
 
Conclusions. We conclude that tickling is a promising method for improving rat welfare 
and investigating positive affect. However, the establishment of tickling best practices 
under a variety of situations is essential as the outcomes from tickling can be moderated 
by several factors. 
Introduction 
Importance.  The study of positive affect has previously been difficult to model and 
study in laboratory animals. Understanding positive affect has wide-reaching importance 
for humans and animal welfare. Positive affective states in humans confer resilience to 
depression and anxiety as well as lead to an overall increase in general health 
(Lyubomirsky et al. 2005). Therefore, modeling positive affect in animals could further 
human health research. Measuring and eliciting positive affect/experiences are also 
important for measuring animal welfare (Boissy et al. 2007). The technique of tickling, 
and measuring positive vocalizations in rats, is a promising solution to modeling and 
measuring positive affective states in laboratory animals (Burgdorf et al. 2011). 
Additionally, by increasing positive affect and decreasing rat fear of humans, tickling 
may be a promising technique to improve rat welfare (Cloutier et al. 2012).  
 
Current Knowledge. The technique of tickling rats was developed by Jaak Panksepp 
and Jeffrey Burgdorf in 2000. The aim of their initial publication was to determine if a 
“tickling-type somatosensory stimulation by a human hand” that mimicked juvenile rat 
rough-and-tumble play was rewarding to rats (page 26). In their original article involving 
eight experiments, juvenile Long Evans rats were tickled for two minutes for four to ten 
total sessions. The tickling technique involves two main components: a “dorsal contact” 
on the rat’s neck and a “pin” on the rat’s stomach. Developing this technique was 
additionally used to investigate the possibility that 50-kHz ultrasonic vocalizations, 
produced by rats during play and other rewarding situations, could be used to measure 
reward value and emotion in rats. Subsequently, vocalizations in the 50-kHz range have 
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repeatedly been shown to be good indicators of positive affect and welfare of rats 
(Knutson et al. 2002; Wohr and Schwarting 2013). Some indications that 50-kHz 
vocalizations are positive are that they are produced in a range of contexts such as during 
play, mating, exploratory activity, amphetamine administration, and in anticipation of 
food rewards (Wright et al. 2010). These vocalizations can be measured and counted by 
using specialized microphones. In contrast to 50-kHz calls, vocalizations in the 22-kHz 
range have been demonstrated to reflect negative affect and are produced during exposure 
to predators, pain, and inter-male fighting (Knutson et al. 2002). 
 
Rationale. Since the initial publication of the tickling technique, a number of laboratories 
have used this technique to investigate and measure positive affect (Rygula et al. 2012), 
decrease stress, and habituate rats to human contact (Cloutier et al. 2012). However, 
experiments have used a range of protocols and reported a wide variety of outcomes with 
various degrees of efficacy. The specific outcomes from tickling that may improve rat 
welfare have not yet been summarized. It also remains unclear what factors pertaining to 
rat characteristics (strain, sex, age) and the tickling protocol (session duration, total 
number of sessions) influence the efficacy of tickling. As a result, researchers that wish to 
use tickling either as a tool for modeling and measuring affect or to improve rat welfare 
in their experimental colonies are left with insufficient guidance. More widespread 
adoption of this technique for general enrichment may also be prevented since 
researchers and managers of animal care programs are unsure what time investment this 
technique requires or its effects on their research.  
 
Aim. Previously, meta-analyses and systematic reviews of animal studies have proven 
useful for optimizing study design and reporting (Pound et al. 2004). Although there have 
been reviews of using tickling and ultrasonic vocalizations to model laughter (Panksepp 
2007; Panksepp and Burgdorf 2003), there has not yet been a systematic review of how 
tickling is utilized in research, its outcomes related to affect and welfare, and 
methodological considerations. Therefore, the purpose of this review was to provide a 
comprehensive overview of the empirical research using the tickling technique in rats. 
Our objective was to systematically identify, summarize, and evaluate the research on 
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tickling in rats to provide direction for future investigation. Our specific aims were to (a) 
describe current methods used in tickling articles, (b) describe outcomes from tickling, 
and (c) summarize factors that have the potential to alter tickling outcomes. By 
summarizing this information in one location, it is possible for researchers, laboratory 
personnel, those interacting with pet rats, and other interested individuals to make 
educated decisions about the use and application of tickling. 
Methods 
Protocol 
Before starting we consulted the preferred reporting guidelines for systematic reviews 
and meta-analysis (PRISMA) guidelines (Liberati et al. 2009; Moher et al. 2009), the 
Systematic Review Centre for Laboratory Animal Experimentation (SYRCLE) E-
learning course and guides, and a veterinary science librarian. We defined our procedures 
a priori in a study protocol that specified the search strategy, inclusion and exclusion 
criteria, and data extraction items.  
Article Identification 
We identified articles by searching complete electronic databases from their first index 
date through August 2016 and scanning reference lists of identified articles. Databases 
included Scopus (1966 - Present), PubMed (1946 - Present), Web of Science (1900 - 
Present), and PsycINFO (1840-Present). Titles, abstracts, and keywords were used for the 
search. Search terms for all databases included at least one identifier for tickling and rat 
or rats. Identifiers for tickling included playful handling OR tickle OR tickling OR 
heterospecific play. No language restrictions were applied. See Appendix A for the 
search strategy for each database. 
Article Selection 
After removing duplicate articles, we screened all references for inclusion based on their 
title and abstract. We used the following inclusion criteria, in order, to select relevant 
articles for review: (1) publication in a peer-reviewed journal, (2) collection of original, 
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empirical data, (3) on rats (4) using the handling method of tickling. If we could not 
determine inclusion by title and abstract, we reviewed the full-text manuscript. All 
references were independently assessed by two reviewers (MRL and LMF). 
Disagreements were resolved via discussion. 
Data extraction 
One researcher (MRL) extracted information from each included article in order to 
achieve the three aims of this review. If the article reported data from several 
experimental groups, the information was extracted for each experiment. In this review 
“article” refers to the entire paper while “experiment” refers to a singular experiment 
within an article. To achieve the first aim – describe the current use of tickling – we 
extracted data items including aim, design, rat age, sex, strain, and housing; and tickling 
duration, frequency, total time, and location factors from all experiments. To achieve the 
second aim – describe outcomes from tickling – experiments were identified that used a 
control to tickling. To achieve the third aim – summarize the factors that have the 
potential to alter tickling outcomes – experiments were identified that described using 
variants of a tickling technique or the same tickling technique in different situations or 
animals. Data items for the second and third aims included comparison condition and 
outcomes. Outcomes were organized by type from most- to least-commonly reported. 
Effect sizes and confidence intervals were not commonly reported within studies and 
therefore were not extracted as data items. We also extracted additional data about the 
publications including first author, publication year, journal name, country, and title. 
Summarized results are presented as mean ± standard deviation (minimum, maximum), 
when applicable. 
Risk of Bias Assessment 
One reviewer (MRL) assessed the risk of bias and study quality of each experiment 
included within each article. When discrepancies in assessment occurred, we reached 
consensus by discussion. We assessed risk of bias using a modified version of the 
Systematic Review Center for Laboratory animal Experimentation (SYRCLE) Risk of 
Bias Tool for animal intervention studies (Hooijmans et al. 2014). The SYRCLE Risk of 
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Bias Tool is adapted from the Cochrane Collaboration Risk of Bias Tool (Higgins et al. 
2011) to address bias specific to animal experiments. We excluded items numbered 8 and 
9 from the SYRCLE tool because no studies appeared to exclude animals from their 
analysis (item 8) and no study reported the use of a study protocol predefining primary 
and secondary outcomes (item 9). When studies applied the same treatment to all animals 
in the study items number 1 (randomization to treatment groups), 2 (baseline 
characteristics), 3 (allocation concealment), 4 (caregiver blinding) and 5 (random 
housing) were considered not applicable to prevent bias. When assessing selection bias, 
we considered groups similar at baseline if their weight or number of ultrasonic 
vocalizations were not statistically different. We also assessed the reporting of any 
randomization. 
Results 
Article Identification and Selection 
The literature search resulted in 156 citations. A flowchart of the article selection process 
is presented in Figure 1. The final sample included 32 articles (20.5% of the total initial 
pool) published between 2000 and 2016 that met the inclusion criteria of empirically 
evaluating outcomes from tickling rats. There was an international representation of 
researchers including corresponding authors from the North America (n = 14), Europe (n 
= 12), and Asia (n = 6). The articles were published in a variety of disciplines, primarily 
related to Neuroscience (n = 14), Behavior, Physiology, or Psychology (n = 13), or 
Pharmacology (n = 5). We focused this review on descriptive and qualitative synthesis, 
rather than meta-analysis, because of the large variety of study designs, animals, 




Figure 1. Article Selection. 
A flow chart of the selection process of articles using tickling in rats from an original search 
of databases. 
Risk of Bias and Quality of Reporting 
Relatively few experiments adequately reported using techniques to reduce bias (Figure 
2).  The most commonly used techniques to minimize potential bias were blinding the 
researchers recording at least some outcome measures (50%, n = 28), randomizing to 
treatment groups (19%, n = 16), and ensuring treatment groups were similar at baseline 
(27%, n = 15). The least used methods to reduce bias were randomly housing rats from 
different treatment groups (9%, n = 5) and using a blind intervention technique (7%, n = 
4) to blind the researchers to what treatment the rats belonged to when conducting tests, 
giving injections, and other experimental procedures. Only one experiment mentioned the 
specific method of randomization in enough detail in order to judge its adequacy. No 
experiments reported that they concealed their random allocation sequence or blinded 
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caregivers. Among the experiments that ensured groups were similar at baseline, the 
characteristics that were similar were bodyweight (46%, n = 7), 50-kHz ultrasonic 
vocalizations (40%, n = 6), approach latency (7%, n = 1), or sex and source of litter (7%, 
n = 1).  
 
Figure 2. Risk of Bias 
Using a portion of the SYRCLE Risk of Bias Tool, the risk of biased selection, care, 
intervention, and detection were assessed in 55 experiments that used rat tickling. Lack of 
(adequate) reporting of measures to reduce bias results in a high percentage of unclear bias 
for most items. A low risk of bias was indicated when there was proper bias mitigation. A 
medium risk of bias was indicated when only part of the randomization or outcome 
assessment was blinded. A not applicable risk was coded when the source of bias was not 
relevant (for example random allocation of animals when all animals received the same 
treatment at the same time). 
Characteristics of Tickling 
To achieve our first aim – to describe the characteristics of tickling – we extracted and 





All 32 articles used the word “tickling” at least once although some specified it as 
“manual tickling,” “tickling stimulation,” or “tickling-like stimulation”. Preferred and 
additional terms varied across articles. These additional terms most commonly included 
words such as play or playful (n = 11), heterospecific (n = 9 terms), somatosensory (n = 
3), tactile (n = 5), stimulation (n = 4), or wrestling (n = 1). The most common additional 
term used was heterospecific play (n = 6) followed “playful handling” (n = 4). Nine 
articles only used one term while the remaining 23 used multiple terms. 
Tickling Methodology 
A variety of methods for tickling were used within each article (Table 1) of which a 
summary of tickling dosage is presented in Table 2. The most common (46%, n = 26) 
dosage and technique of tickling used was to replicate the “Panksepp Method” of 15 sec 
baseline rest followed by 15 sec of dorsal contacts and pins for a total of 2 minutes for at 
least 4 days (Panksepp and Burgdorf 2000). The second most common (39%, n = 22) 
tickling dosage was to use a “Panksepp Variation” which involves the same distinctive 
dorsal contact and pin components, but with a different session length or number of days. 
A few experiments (9%, n = 5) also used the “Schwarting Method” which involves using 
a variety of specific techniques (neck tickle, hand chase, grab and tickle, etc.) with 
random breaks for at least 3.5 minutes for at least 3 days (Schwarting et al. 2007). A 
majority of experiments reported the flooring of the cage the rats were tickled in (87%, n 
= 46), including bedding (n = 21), uncovered cage bottom (n = 18), cloth (n = 5), or both 
bedding and empty flooring (n = 2).  
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Table 1. Specific Methods Used for Tickling Rats 
Key characteristics about the specific methods used in the 32 articles included in the 
analysis. Type indicated the type of tickling. (P = Panksepp, PV = Panksepp Variation, S 
= Schwarting), total duration of each tickling session, the time within that session that the 
researcher was actively tickling the rat (most sessions include rest periods during which 
the rat is not tickled), the total number of sessions, the total time investment per rat, and 
the type of ground cover/bedding. When articles had 2 experiments with different values 
those values are split by a comma. Articles with >2 experiments with different values have 
a dash indicating the range of values used. ? = not reported.  
First 














Boulay 2013 PV ? 0.5 1 - 6 ? Sawdust 
Brudzynski 2011 P 2 1 4 8 Corn cob 
Burgdorf 2001 P 0.5 - 2 0.15 - 1 2 - 5 8 - 10 None 
 2005 P 2 1 4 8 Corn cob 
 2008 PV 2 1 1 2 None 
 2009 P 2 1 5 10 None 
Cloutier 2008 PV 1 0.5 10 10 None 
 2012 P 2 1 15, 17 30, 34 Wood fiber 
 2013 P 2 1 21 42 Wood fiber 
 2014 P 2 1 30 60 Wood fiber 
 2015 P 2 1 10 20 Wood fiber 
Garcia 2015 P 2 1 4 8 Wood fiber 
 2016 P 2 1 4 8 Wood fiber 
Hori 2009 PV 5 2 20 100 Cloth 
 2013a PV 5 2 1 5 Cloth 
 2013b PV 5 2 10 50 Cloth 
 2014 PV 5 2 20 100 ? 
Koiv 2016 P 2 1 14 28 None 
Mallo 2007 P 2 1 23, 46 46, 92 ? 
 2009 P 2 1 14 14 None 
Natusch 2010 S 10 7 2, 5 20, 50 Aspen, None 
Panksepp 2000 P 2, 5 1, 2.5 4 - 8 14 - 35 Corn cob 
Paredes-
Ramos 
2012 PV 6 3 10 60 None 
Popik 2012 PV 0.5 0.5 24 ? ? 
 2014 PV ? 0.5 14 ? ? 
Raudkivi 2012 P 2 1 14 28 None 
Roccaro 2016 S 3.5 5 12 60 None 
Rygula 2012 P 0.5 0.5 1 1 ? 
Schwarting 2007 S 10 7 3 30 Aspen 
Wöhr 2009 S 10 4.5 5 50 Aspen 
Yamamuro 2010 P 5 2 5 10 Cloth 
 2013 P 5 2 14, 28 28, 56 Cloth 
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Table 2. Tickling Dosage 
A summary of the specific procedures used for tickling rats across 56 experiments within 
32 articles using tickling. 
 Variable Mean SD Min Max Mode 
Session Length (min) 3.3 2.5 0.5 10 2 
Active Tickling (min) 1.7 1.6 0.15 7 1 
Number of sessions 9.4 8.5 1 46 5 
Total time investment per rat (min) 27.4 25.7 1 100 10 
 
Tickling also occurred in a variety of locations, time of day, light phase, and lighting 
condition. Rats were usually tickled individually in a test cage or box (77%, n = 43) 
although a few experiments tickled rats in their home cage (11%, n = 6) or did not report 
where rats were tickled (7%, n = 4). Time of day of tickling was also reported for less 
than a half of experiments (41%, n = 17); this included during the light phase (n = 18) or 
during the dark phase (n = 3). Less than one third of experiments reported lighting 
conditions during tickling (21%, n = 12); these included red lighting (n = 6), a light 
intensity of 150 lux (n = 4), dim (n = 1) or “normal” (n = 1).  
Article Characteristics 
Key article characteristics are summarized in Table 3.Tickling was applied to the four of 
the commonly used rat strains including Long-Evans (39%, n = 22), Sprague-Dawley 
(29%, n = 16), Wistar (23%, n = 13), and Fisher (5%, n = 3; 2 experiments did not report 
strain. More than half of experiments investigated tickling only in male rats (57%, n = 
32), followed by using both sexes (32%, n = 18) and very few used only females (7%, n = 
4; 2 experiments did not report which sex was used). Most experiments tickled juvenile 
rats less than 6 weeks (68%, n = 38), although some experiments tickled adult rats older 








Table 3. Rat and Housing Characteristics of Tickled Rats 
Key characteristics about the rats used and their housing from 56 experiments from 32 
articles about rat tickling. Rats / Housing indicates the number of rats that were housed in 
each cage during the experiment. When articles had 2 experiments with different values 
those values are split by a comma. Articles with >2 experiments with different values have 
a dash indicating the range of values used. ? = not reported. The number beneath 
rats/housing indicates the number of rats in general housing. N/A = not applicable 
First 





Boulay 2013 6 - 16 SD M 21 4 1 
Brudzynski 2011 66 LE M 21 1 ? 
Burgdorf 2001 8 - 49 LE MF 37 1 ? 
 2005 0 LE MF 24 1 3 
 
2008 9 LE MF 
31.5, 
180 
1, 3-5 ? 
 2009 18 - 83 LE MF 24 - 126 1 N/A 
Cloutier 2008 40 SD M 65 2 14 
 2012 16, 32 SD M 35, 57 1 ? 
 2013 72 SD M 21 1, 2, 3 3 
 2014 48 SD M 25 1, 2, 3 4 
 2015 96 SD M 32 1 11 
Garcia 2015 20, 30 SD M 40 1 10 
 2016 30 SD M 40 1 10 
Hori 2009 8 Wistar M 28 1 7 
 2013a 12 Fisher M 37.5 1 5 
 2013b 79 Fisher M 25 1 14 
 2014 95 Fisher M 21 1, 3 5 
Koiv 2016 40 Wistar M 22 4 ? 
Mallo 2007 29, 58 Wistar MF 22 1, 4 0 
 2009 62 Wistar MF 21 1, 4 0 
Natusch 2010 12 Wistar M 70 6 3 
Panksepp 2000 12 - 48 LE MF 28 - 50 1, 2 ? 
Paredes-
Ramos 
2012 20, 30 ? F 31, 92 1 ?, 5 
Popik 2012 40 SD M ? 4 7 
 2014 33 SD M ? 5 7 
Raudkivi 2012 40 Wistar M 21 1, 3-4 0 
Roccaro 2016 37 Wistar MF 21 1 ? 
Rygula 2012 26 SD M ? 4 7 
Schwarting 2007 20 Wistar M ? 1 4 
Wöhr 2009 18 Wistar M 49 1 3 
Yamamuro 2010 12 Wistar ? 28 1 7 





More than half of the experiments (55%, n = 31) housed their rats individually though 
some (20%, n = 11) housed their rats in groups for the entire experiment and others (25%, 
n = 14) either housed at least some rats socially for part of the experiment. Most 
experiments (71%, n = 40) housed their rats in “standard” plastic cages. However, the 
original tickling experiments (23%, n = 13) housed rats in wire mesh cages with wire 
mesh flooring (Burgdorf and Panksepp 2001; Panksepp and Burgdorf 2000). Three 
experiments did not report the type of caging their rats were housed on. 
 
Total sample sizes ranged from 8 to 96 with an average of 32 rats. Rats in experiments 
that reported acclimation days (59%, n = 33) received anywhere from 0 to 29 days with 
an average of 5.5 days. In general, articles did not report what activities were done during 
acclimation, however one article noted that all rats were “handled” for 5 minutes per day 
for 3 days (Wohr et al. 2009). 
Outcomes of Tickling 
To achieve our third aim – to describe the outcomes of tickling – we extracted and 
synthesized outcomes from all experiments that included a control comparison to tickling 
(21 experiments from 17 articles). Although the specific designs and assessments of these 
experiments varied, we identified key types of outcomes and categorized them according 
to the number of experiments in which they were reported (Table 4). Types of 
control/comparison treatments in each experiment included minimal handling (n = 11), 
light touch or stroking (n = 7), transfer to test box without tickling (n = 3), restrained on 
back (n = 3), exposure to a passive hand (n = 2), or food treat (n = 1). Seventeen 
experiments only used one control/comparison group while four experiments used 




Table 4. Tickling Outcomes 
A list of the most commonly assessed outcomes (in at least 5 experiments) of tickling rats 
compared to at least one control group or condition. Arrows indicate the direction of the 
results as either higher or lower than control rats while “mixed” means that results went in 
both directions. A dash indicates that this measure was assessed but no effect was found. 
50s= 50 kilohertz ultrasonic vocalizations (indicative of positive affect). 22s= 22 kilohertz 
ultrasonic vocalizations (indicative of negative affect). Minimal = minimal handling. 
Passive = exposure to a passive, still hand. On the left side of the bold line it is considered 
positive for these outcomes to increase and on the right side of the line it is considered 
positive for these factors to decrease 
   ↑ = Positive ↓ = Positive 
First Author Year 








Burgdorf 2001 Light touch ↑ ↑    
Mallo 2007 Minimal   ↓   
Cloutier 2008 Food treat; Stroking - - - -  
 
2012 Minimal; Passive 
hand; Restraint 
↑ ↑ - ↓ - 
 2013 Minimal ↑ 
 ↓ ↓ - 
 2014 Passive hand ↑ 
  ↓ ↑ 
 2015 Minimal ↑ 
  ↓ - 
Hori 2009 Light-touch ↑ ↑   ↓ 
 2013a Light-touch ↑ ↑ 
  ↓ 
 2013b Minimal ↑ ↑ ↓ 
  
 
2014 Minimal ↑ ↑ ↓ 
  
Panksepp 2000 Minimal ↑     
Paredes-Ramos 2012 Minimal      
Rygula 2012 Minimal ↑     
Wöhr 2009 Minimal      
Yamamuro 2010 Minimal ↑ ↑    
 2013 Minimal; Light-touch ↑ ↑ 
   
 
Vocalizations 
The most commonly assessed outcome from tickling was production of vocalizations, 
evaluated in both tickled and comparison conditions in 71% (n = 15) of experiments that 
included a control or comparison condition for tickling. Among these, 100% (n = 15) 
assessed 50-kHz vocalizations, 47% (n = 6) assessed 22-kHz vocalizations and 20% (n = 
3) assessed audible vocalizations.  
15 
 
Most experiments (93%, n = 14) that assessed 50-kHz ultrasonic vocalizations found that 
tickled rats produced more 50-kHz vocalizations in comparison to control rats. The one 
experiment that found no effect of tickling of 50-kHz vocalizations tickled rats directly 
after an injection (Cloutier and Newberry). 
 
Among experiments that assessed 22-kHz vocalizations, mixed results were found: 50% 
(n = 3) found no effect of handling treatment, 33% (n = 2) found fewer 22-kHz 
vocalizations in tickled rats, and 17% (n =1) found that tickled rats produced more 22-
kHz vocalizations. The two experiments that found an effect of handling treatment used a 
light touch comparison condition (Hori et al. 2009; Hori et al. 2013b). The three 
experiments that found no effect of tickling treatment used a minimal handling, restraint, 
or passive hand comparison condition (Cloutier et al. 2013; Cloutier et al. 2012; Cloutier 
et al. 2015). The experiment that found that tickled rats produced more 22-kHz 
vocalizations specifically found that only the rats that had only been tickled as adults, not 
juveniles, produced more 22-kHz calls and that all rats were tickled after an injection 
(Cloutier et al. 2014).  
 
Among experiments that assessed audible vocalizations, results were mixed. One 
experiment found no effect of tickling on audible vocalizations during injection (Cloutier 
and Newberry 2008). Two experiments found that tickled rats made fewer audible 
vocalizations during an injection (Cloutier et al. 2014; Cloutier et al. 2015). However, 
one of these experiments also found that during the actual tickling procedure, tickled rats 
made more audible vocalizations (Cloutier et al. 2015), while the other experiment other 
found no effect of tickling treatment on audible vocalizations during the tickling 
procedure (Cloutier et al. 2014).  
 
In three additional experiments, 22-kHz vocalizations were only assessed in tickled 
animals (Mällo et al. 2007; Wohr et al. 2009). However, most experiments that assessed 
22-kHz in tickled animals (78%, n = 7) recorded an average of ten or less 22-kHz 
vocalizations per min during tickling while one experiment reported a mean of 31 
vocalizations on day 18 during a second tickling session on that day (Mällo et al. 2007). 
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One final experiment recorded very high levels of 22-kHz vocalizations on day 1 with 
227 ± 38.4 (0 – 420) vocalizations (Wohr et al. 2009). This experiment used the tickling 
method developed by Schwarting et al. 2007 that included phases when the experimenter 
chased the animal with their hand and had a total duration of 10 minutes.  
Approach Behavior 
The second most commonly assessed outcome from tickling rats was approach behavior, 
in 48% (n = 10) experiments testing outcomes from tickling. Among these, 90% (n = 9) 
found either decreased approach latency or other positive approach behavior. Of the ten 
total experiments, 70% (n = 7) evaluated rats directly after tickling, using a human 
approach test. All of these experiments found tickled rats approached the hand faster 
directly after handling than minimally handled or light touch controls. Three experiments 
conducted a human approach test delayed from tickling by three days. The results from 
these tests have been mixed, with 1 experiment finding no difference between tickled rats 
that received an intra-peritoneal injection daily and various controls (Cloutier and 
Newberry 2008) and another 2 experiments from the same article finding that tickled rats 
reared, nibbled, and made more contacts with the hand than controls (Cloutier et al. 
2012). 
Other Anxiety and Fear Behaviors 
Seven experiments (33%) assessed the outcomes of tickling on anxiety and fear behaviors 
during standardized tests. Among these, 71% (n = 5) found fewer anxiety and fear 
behaviors in tickled rats compared to control rats. Two experiments found decreased fear 
induced freezing after fear conditioning compared to minimally handled rats (Hori et al. 
2014; Hori et al. 2013b). One experiment found increased entries into the center and 
locomotor activity in an open field (Cloutier et al. 2013). Two experiments found 
increased entries and time into the open arm of an elevated plus maze for high-callers on 
day 2 of testing (Mällo et al. 2007). However, in two different studies, no effect of 
tickling was found on rat behavior in an elevated plus maze (Cloutier and Newberry 
2008; Cloutier et al. 2012). Across all experiments, tickling was never found to affect rat 
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behaviors in a forced swim test (Mällo et al. 2007), Cat Odor Test (Cloutier et al. 2012), 
flinch-jump test (Hori et al. 2014), or Morris water maze (Hori et al. 2014). 
Handling Effects 
Six experiments (29%) assessed outcomes of tickling on the stress associated with 
handling. Among these, 83% (n = 5), reported at least some evidence of reduced stress 
associated with handling in tickled rats. Four experiments found that tickling adult rats 
before (and possibly after injection), particularly combined with juvenile tickling 
experience, increased 50-kHz vocalizations, decreased approach latency, reduced audible 
calls during the injection, and decreased the duration of the injection procedure (Cloutier 
et al. 2012; Cloutier et al. 2014; Cloutier et al. 2015). One experiment found that tickling 
increased 50-kHz calls in anticipation of handling for isolated rats (Cloutier et al. 2013). 
One experiment reported no clear benefit to tickling rats on handling reactivity via 
assessment of chromodacryorrhea (an indicator of stress), elevated plus maze, human 
approach behaviors, or vocalizations (Cloutier and Newberry 2008). This experiment 
tickled rats after injection and additionally hypothesized that the attention to and reward 
of the novelty of visiting a novel cage was stronger than any reward offered. Later 
research showed that tickling rats before or before and after an injection is more 
rewarding than tickling rats after injection (Cloutier et al.). 
Hormonal Effects 
Four experiments (19%) assessed effect of tickling on rat hormones. Among these, 50% 
(n = 2) found positive effects of tickling while 50% (n = 2) found no effects. Tickling 
was shown to increase dopamine release in the nucleus accumbuens (Hori et al. 2013a) 
and decrease adrenaline and noadrenaline after fear conditioning (Hori et al. 2013b). 
However tickling was never found to have an effect corticosterone in the feces (Cloutier 
et al. 2013; Cloutier et al. 2014) or blood (Hori et al. 2013b). 
Genetic and Cellular Effects 
Four experiments used tickling of rats to elicit a positive emotional state for studying the 
effects of positive affect on cellular and genetics. Tickling increased adult hippocampus 
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cell proliferation, a factor associated with depression, but only in high-callers (Wohr et al. 
2009), which seems to indicate that there is an interaction between both trait and state 
effects. Additionally, tickling was found to alter the expression of feeding-regulation 
genes in the rat hypothalamus (Hori et al. 2009). These authors were investigating the 
relationships between positive affect and the improvement of blood glucose levels after 
laughter (Hori et al. 2009). One experiment found that neurogenesis in the dentate gyrus 
of the hippocampus, an area that is thought to mediate learning and memory formation, 
increased after tickling (Yamamuro et al. 2010). Another experiment found that tickling 
up-regulate production of kallikrein family mRNAs, which is one of the serine proteases 
and related to the production of many bioactive peptides, in the submandibular gland of 
the rat (Yamamuro et al. 2013). These authors believe it could be a candidate for a 
biochemical marker of positive emotional state (Yamamuro et al. 2013).  
Other Outcomes 
Two experiments reported outcomes that have not been replicated. Tickling high-calling 
rats from normal lines induced a positive cognitive bias compared to no tickled or tickled 
low-calling rats (Rygula et al. 2012). Tickling adult rats was unsuccessful in inducing a 
conditioned place preference or sexual partner preference based on the smell of the hand 
that tickled them (Paredes-Ramos et al. 2012).  
Tickling Outcome Moderation 
To achieve our second aim – to summarize factors that could impact tickling outcomes – 
we extracted and summarized the key outcomes from experiments that investigated 
factors that could moderate the results of tickling (37 experiments from 20 articles).  
Inter-Individual Differences 
The most commonly assessed moderator of tickling outcomes was inter-individual 
differences in tickling elicited vocalizations which was evaluated in 28% (n = 11) of 
experiments investigating tickling moderation. All reported at least some significant 
effects of inter-individual differences on outcomes. These experiments found that rats 
that produced more 50-kHz vocalizations during tickling, “high-callers,” were less 
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susceptible to the effects of chronic variable stress (n = 5(Kõiv et al. 2016; Mällo et al. 
2007; Mällo et al. 2009; Raudkivi et al. 2012; Wohr et al. 2009), produced more 50-kHz 
vocalization in subsequent amphetamine treatments (n = 3(Garcia and Cain 2016; Garcia 
et al. 2015), showed less anxiety (n = 2; more crosses in the central area of open field 
(Burgdorf et al. 2009) and more rearing and locomotor activity (Wohr et al. 2009)), had 
increased hippocampal cell proliferation after tickling (n = 1; (Wohr et al. 2009); 
approached the experimenter faster to self-administer tickling (n = 1(Burgdorf et al. 
2008) and showed a positive cognitive bias after tickling (n = 1; (Rygula et al. 2012) 
when compared to rats that produced fewer vocalizations during tickling, called “low-
callers.” One experiment investigated vocalization subtypes and found that only 
frequency modulated 50-kHz vocalizations differed between groups, but that flat 50-kHz 
vocalizations and 22-kHz vocalizations were not different (Burgdorf et al. 2008). 
 
These experiments varied in their methods of grouping rats based on inter-individual 
differences although all split based on 50-kHz vocalizations. Among these, 21% (n = 4) 
grouped rats based on a median split of their average response on the 12-14th day of 
tickling (Kõiv et al. 2016; Mällo et al. 2007; Mällo et al. 2009; Raudkivi et al. 2012) and 
21% (n = 4) using calling rate as a continuous covariate (Garcia and Cain 2016; Garcia et 
al. 2015; Wohr et al. 2009). One experiment split rats into high and low-calling groups 
after just 1 session of tickling (Rygula et al. 2012). One experiment split rats into upper 
and lower quartiles (Burgdorf et al. 2008). One experiment did not detail the methods of 
separation (Burgdorf et al. 2009). 
Housing Differences 
The influence of housing type (solitary versus group) on tickling outcomes was evaluated 
in 22% (n = 8) of experiments investigating tickling moderation. Among these, 88% (n = 
7) reported more positive outcomes in solitary rats compared to group-housed rats, while 
17% (n = 1) did not. Significant positive changes included solitary rats having more 
positive 50-kHz vocalizations during tickling (n=7)(Burgdorf et al. 2008; Burgdorf and 
Panksepp 2001; Panksepp and Burgdorf 2000), shorter approach latencies 
(n=2)(Burgdorf and Panksepp 2001; Panksepp and Burgdorf 2000), and more play bites 
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(n = 1)(Panksepp and Burgdorf 2000) than socially housed animals. In one experiment, 
socially housed rats learned to avoid tickling which was thought to reflect the lower 
reward value of tickling (Panksepp and Burgdorf 2000). One experiment distinguished 
between subtypes of 50-kHz vocalizations, frequency modulated and flat, and found that 
only frequency modulated 50-kHz vocalizations differed between solitary and group 
housing (Burgdorf et al. 2008). This experiment also found that 22-kHz vocalizations did 
not differ between housing types (Burgdorf et al. 2008). One experiment did not find 
significant differences in 50-kHz or 22-kHz vocalizations between solitary, pair, or triplet 
housed rats (Cloutier et al. 2013). A key methodological difference was that group 
housed rats were tickled with their cage mates in their home cage, rather than tickled 
singly in a test cage (Cloutier et al. 2013). 
Genetics 
The ability to select rats for their response to tickling, and the subsequent effects of this 
selection, was evaluated in 22% (n = 8) of experiments investigating tickling moderation. 
Three experiments successfully bi-directionally selected rats to exhibit high or low levels 
of 50-kHz vocalizations in response to tickling based on their call rate on the 4th day of 
tickling (Burgdorf et al. 2009; Burgdorf et al. 2005; Panksepp and Burgdorf 2000). All 
experiments found that high-selected rats produced more 50-kHz vocalizations as 
compared to random-selected or low-selected rats (Brudzynski et al. 2011; Burgdorf et al. 
2009; Burgdorf et al. 2005; Panksepp and Burgdorf 2000). Two experiments found that 
high-calling rats score lower on anxiety and fear measures (Brudzynski et al. 2011; 
Burgdorf et al. 2009). In one experiment high-selected rats learned to press a bar faster 
for a tickling reward and showed less avoidance to being tickled (Panksepp and Burgdorf 
2000). Another experiment found that high-selected rats were less aggressive, showed a 
higher preference for dilute sucrose, had elevated levels of metenkephalin in several brain 
regions, and overall may show a stress resilient phenotypes (Burgdorf et al. 2009). 
Finally one experiment found that high-selected rats also had higher spontaneous 




The impact of pharmacological substances on the production of 50-kHz vocalizations 
during tickling was evaluated in 22% (n = 8) of experiments investigating tickling 
moderation. Two experiments found that tickling vocalizations decreased after 
application of phencyclidine (Boulay et al. 2013) and naloxone, specifically in socially 
housed rats (Burgdorf and Panksepp 2001). Two experiments also found an increase in 
tickling vocalizations after amphetamine administration (Brudzynski et al. 2011; Kõiv et 
al. 2016), although in the first tickling experiment amphetamine administration had no 
effect (Panksepp and Burgdorf 2000). Three experiments found that tickling 
vocalizations increased after the application of MK-80 (Panksepp and Burgdorf 2000), 
SCH23390, racolpride (Hori et al. 2013a), and Naloxone, especially in individually 
housed rats (Burgdorf and Panksepp 2001). Two experiments found that tickling 
vocalizations did not change after application of aripiprazole, eplivanzerin, SSR103800, 
SSR181507, diazepam, buspirone, fluoxetine (Boulay et al. 2013), or quipazine, 
cyprohetadine, morphine, scopolamine, and haloperidol (Panksepp and Burgdorf 2000). 
Finally, in rats previously administered phencyclidine, one experiment found an increase 
in vocalizations after application of Buspirone and SSR181507 and no change in 
vocalizations after application of aripiprazole, eplivanzerin, SSR103800, diazepam, and 
fluoxetine (Boulay et al. 2013). 
Other Moderations 
Four experiments investigated additional factors that can moderate tickling outcomes 
including bedding, age, and tickling technique. Using bedding in the tickling cage was 
found to increase the reward value of tickling and number of positive vocalizations as 
compared to no bedding (Natusch and Schwarting 2010). Younger juvenile animals, 
compared to adult rats, were also found to produce more positive vocalizations, and show 
higher reward value (Paredes-Ramos et al. 2012). However a different experiment that 
compared rats only tickled as juveniles, only tickled as adults, or tickled at both time 
points found that rats tickled at both time points showed the most beneficial effects 
(Cloutier et al. 2014). Specifically, rats tickled at both time points produced more 50-kHz 
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vocalizations before and after injection, fewer audible calls during injection, and the 
injection procedure was shorter. Finally, using different techniques of tickling was also 
found to impact reward value (Schwarting et al. 2007). In this experiment, an alternative 
tickling method was investigated that included phases when the experimenter chased the 
animal with their hand at its rear, held it in one hand while tickling its stomach with the 
other, tickled the belly without flipping the rat over, pressing with one finger between the 
shoulder blades, and allowing the rat to chase the experimenter’s hand. This tickling 
method had a session duration of 10 minutes per day for 3 days. Per visual inspection of 
the results, techniques of neck tickle, hand chase, grab & tickle, and push & drill 
(pressing with one finger between the shoulder blades) evoked the most 50-kHz calls 
while neck tickle and full back (tickling the entire back) evoked the most 22-kHz calls. 
However, overall, this 10 minute tickling procedure in this experiment also evoked a 
much higher rate of 22-kHz calls than the “Panksepp Method”. 
Discussion 
We conducted a systematic review to synthesize the empirical literature involving 
tickling rats. Our search procedure identified 32 articles with 56 experiments. An 
international and interdisciplinary field of researchers use tickling to accomplish a variety 
of aims. Each study was reviewed to achieve three aims: (a) describe the characteristics 
of rat tickling, (b) summarize outcomes of rat tickling, and (c) evaluate factors 
moderating rat tickling outcomes. There are a variety of specific tickling methods used in 
various rat strains, ages, and housing. The most common method tickling method was to 
utilize the original “Panksepp method”. Overall tickling outcomes support positive 
welfare benefits of tickling for rats including increased production of positive 
vocalizations, decreased latency to approach humans, decreased level of stress hormones, 
and decreased behavioral measures of anxiety in standardized tests. The outcomes of 
tickling can be modified by housing, inter-individual differences, genetics, specific 
technique, and the presence of bedding. Overall tickling appears to be a promising 
welfare enhancing technique that also measures affect, but specific investigation of the 
best methods is needed. 
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Characteristics of Tickling 
To achieve the first aim of our review, several elements of rat tickling were examined in 
each study, including terminology, rat sex, strain, and housing, tickling duration and 
frequency, and study design. Although fifteen different terms were used to describe the 
technique used, the word “tickling” was mentioned at least once in every article. 
Terminology is an important tool for communicating research to both others in academia 
and the public. Often, the original term for a procedure is used. However, the large 
variety of additional terms seems to indicate a disagreement of the best term. 
Anecdotally, the term “tickling” has been critiqued based on the perception that it lacks 
scientific rigor by researchers outside the field, is unprofessional, and inadequately 
describes the procedure. Although the motion of the fingers used in tickling is similar to 
the motion used when tickling humans, it may or may not mimic human to human 
tickling. Rather, tickling in rats mimics rat rough-and-tumble play by making contact 
with body areas that are stimulated during this type of play. Based on our review of the 
literature, we recommend using the term tickling at least once in each article, preferably 
in the abstract, for consistency across the field. If researchers wish to use an additional 
term we recommend either "heterospecific play” which was the second most common 
description and perhaps more accurately describes the interaction or “playful handling” 
which also describes the technique and is more easily understood by the general public. 
Consistent use of terminology may help advance knowledge more quickly and efficiently 
by allowing the technique to be more easily identified and recognized by both researchers 
and the public. 
 
The tickling procedure varied across studies, although the most common method was to 
replicate the procedure developed by Panksepp and Burgdorf, with each tickling session 
lasting for 2 minutes, with 1 minute of active tickling by alternating between 15 seconds 
of rest and 15 seconds of active tickling. Most frequently, tickling was conducted over 5 
days. However, there was great diversity in session length, amount of time active 
tickling, and number of sessions. Reporting of other characteristics such as presence of 
bedding, light intensity, and the time of day tickling took place was poor. We recommend 
that future studies provide specific details about the tickling procedure since bedding 
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increases positive vocalizations (Schwarting et al. 2007), and high light intensity 
decreases social play in juveniles (Vanderschuren et al. 1995). We also recommend an 
experimental investigation of the ideal tickling duration and frequency. Until then, we 
recommend that researchers tickle for 2 minutes with 1 minute of active tickling for at 
least 5 sessions since this is the most common method. 
 
Tickling procedures were applied to the four most common rat strains, both sexes, and 
across ages with typically short to no acclimation periods. Although the effect of rat 
strain on tickling outcome has not been evaluated, it is likely that rat strain impacts 
outcomes considering that different types of rats have different play behaviors (Himmler 
et al. 2014). There are also sex differences in rat play. Juvenile males engage in rough-
and-tumble play fighting attacks more frequently than females (Pellis 2002). Male rats 
also transition to a rougher form of playful defense post puberty (Pellis 2002). Finally, 
previous research also has shown that rat play peaks between 30-40 days and declines as 
rats approach sexual maturity (Pellis and Pellis 1990). Preliminary data from our lab 
tickling Sprague Dawley and Long-Evans rats, of both sexes for up to three months, at 
different lighting intensities supports these assertions. We recommend that, unless 
sufficient rationale can be given for an alternative, future research include both sexes, 
focus on juvenile rats, and if possible test multiple strains of rats with an adequate 
acclimation period.  
Outcomes of Tickling 
To achieve the second aim of our review – summarize outcomes of rat tickling – we 
reviewed studies that included a control for tickling. Overall, almost all studies that 
investigated tickling in rats reported positive welfare outcomes and that tickling was 
beneficial in studying positive affective states. The most common finding was increased 
production of 50-kHz vocalizations, which are indicative of positive affect, and in turn 
improved welfare. Given that the tickling technique was specifically developed to study 
these vocalizations this result is unsurprising (Burgdorf and Panksepp 2001; Panksepp 
and Burgdorf 2000). The second most common finding of increased approach behavior is 
thought to relate to the positive reward value of the interaction which causes rats to want 
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to move back to the hand for more tickling. Outcomes related to reduced generalized 
anxiety and fear of humans, as well as improved handling, also indicate the promising 
benefits of tickling to rat welfare. Finally, tickling was successfully used to study the 
genetic and cellular effects associated with positive affect. 
 
Among the experiments that provided a control for tickling, five explicitly used tickling 
to induce or measure positive affective states. For example, since previously low 
hippocampal cell proliferation has been associated with depression, increasing 
hippocampal cell proliferation is essential for the therapeutic efficacy of anti-depressants 
(Santarelli et al. 2003). However, it has been controversial whether hippocampal cell 
proliferation is a trait or state effect of this psychopathy. One experiment used tickling 
and individual differences in calling rate to show that hippocampal cell proliferation 
depends on an interaction between a pre-disposing trait and stimulation-depending 
variations in the subject’s affective state (Wohr et al. 2009). Additionally, a series of 
studies used tickling to model laughter in humans and study its effects on gene expression 
and neurogenesis in the brain and salivary glands (Hori et al. 2009; Yamamuro et al. 
2013; Yamamuro et al. 2010). Tickling is useful for studying positive affect because it 
can be used quickly, consistently and reliably in contrast to other tests such as cognitive 
bias or sucrose consumption. Specifically, counting 50-kHz vocalizations has been 
repeatedly shown to have higher inter- and intra- rater reliability and is easy to train. 
 
Despite the described benefits from tickling, researchers should remain cautious when 
implementing this procedure across rat sexes, and housing types. More than half of the 
reviewed experiments only used male rats and 81% of experiments singly housed their 
tickled rats and 81% of experiments used rats less than 50 days old. Therefore, some of 
the findings may be most relevant to singly housed juvenile male rats.  
 
One area to additionally consider in future research is the selection of appropriate control 
conditions. Eleven experiments used some sort of “active” control that involved at least 
exposing control rats to a passive hand or light touch. The remaining experiments either 
gave their control rats no additional manipulation or simply transferred them to the test 
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box. The particular choice of control should of course be determined by experimenters 
depending on their experimental question. Stroking or light touch is aversive and 
therefore can serve as an aversive control (Burgdorf and Panksepp 2001). Restraint on the 
back has been found to have mixed results and should be used with caution as a control. 
Transferring rats to the test box controls for simply being in a new environment. 
However, if tickling is being investigated as a habituation method or method to elicit a 
positive affective state, minimal handling may be the best option. 
 
Finally, no studies reported the impact of tickling rats on their caretakers. Animal care 
personnel, particularly those involved in euthanasia, report mild to moderate traumatic 
stress, lower level of work stress, and may have higher employee turnover (Scotney et al. 
2015). To combat these effects, several universities have implemented programs to 
mitigate stress and compassion fatigue such as Washington State University’s Animal 
Caregiver Training. Tickling may help form and strengthen the human-animal bond by 
increasing direct care for the animals and helping caretakers recognize individual animals 
(Bayne 2002). Establishing a human-animal bond, which is bolstered by human-animal 
interactions, can be beneficial for humans working with laboratory animals (Bayne 
2002). Therefore it is important to consider caretaker outcomes in addition to animal 
outcomes when investigating human-animal interactions such as tickling.  
Tickling Outcome Moderation 
To achieve the third aim of this review – evaluate factors moderating rat tickling 
outcomes – we reviewed studies that specifically investigated factors that could moderate 
the results of tickling. These studies fell into five main categories: housing, inter-
individual, genetic, pharmacology, and other. Their results indicate that care must be 
taken during the experimental design of applying tickling in the laboratory. 
 
One aspect of tickling moderation – housing – was investigated in the initial work by 
Panksepp and Burgdorf in 2000 and 2001. Their results showed that rats housed 
individually had more numerous positive vocalizations and reduced approach latencies. 
Additionally, socially housed animals actually learned to avoid tickling in one 
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experiment. However, the one study that investigated the impact of housing more 
recently did not find significant differences, which was partially attributed to tickling 
group-housed animals with their cage mates in their home cage (Cloutier et al. 2013). 
However, all of the experiments investigating the impact of housing differences were 
conducted in the same laboratory. An increasing amount of evidence indicates that 
environmental standardization within laboratories contributes to poor reproducibility of 
animal experimental outcomes (Richter et al. 2009). Therefore, it would be beneficial for 
experimenters external to this laboratory to investigate housing factors, therefore 
increasing environmental heterogenization for reproducible results. Until then, we 
recommended researchers tickle group-housed rats in their home cage with cage mates.  
 
One of the most relevant moderators of outcomes from tickling is that of inter-individual 
differences. Individual rats have repeatedly been shown to exhibit a large range of 50-
kHz vocalizations in response to tickling. In one study, only high-calling rats showed a 
positive cognitive bias after tickling (Rygula et al. 2012); thus low-calling rats may 
experience tickling differently than high-calling rats. The fact that you can also breed for 
either a high- or low-calling rate and find similar differences seems to indicate these are 
trait differences. In future studies, we strongly recommend including calling rate as a 
continuous covariate in all statistical models and determine the calling rate of control rats 
after the termination of the experiment if possible. Tickling can be used to determine 
behavioral traits and subsequently how a trait response to tickling affects response to 
stress (Mällo et al. 2009b). Selectively bred high-calling rats could also be useful for 
understanding the importance of playful joy (Burgdorf et al. 2005). 
 
Five experiments used tickling rats of all calling rates to investigate the effects of 
pharmacological substances on positive affect. All experiments were able to find 
differences in calling rate after application of some substances. One article attempted to 
use tickling combined with the application of the psychotomimetic drug phencyclidine to 
model the negative symptoms of schizophrenia, but concluded that it was unclear if this 
model would be valid or not (Boulay et al. 2013). Another article successfully concluded 
that 50-kHz calls in response to tickling were mediated by dopamine release as evidenced 
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by a decrease in calls after application of dopamine agonists (Hori et al. 2013a). This 
study was using tickling to model the importance of play behavior during adolescence. 
Finally an additional study has used tickling to evaluate calling rates and drug 
administration to further investigate the effects of trait differences on chronic variable 
stress as a model of depressions (Kõiv et al. 2016). Overall tickling is a promising 
method to evaluate pharmacological compounds designed to improve psychological 
measures of affect while also considering the individual differences in calling rates.  
 
There are a few additional factors that experimenters should keep in mind while tickling 
rats. Bedding should be used in the tickling location whenever possible in order to 
increase reward value and number of 50-kHz vocalizations (Natusch and Schwarting 
2010). It is likely this may increase the rats comfort while being turned over on their 
back. Additionally, it seems that tickling rats for the first time when they are adults may 
not be as rewarding as tickling rats as juveniles only or at both time points. Finally, 
considering the high rates of 22-kHz calls that are elicited while conducting the 
Schwarting tickling technique, we recommend that investigators rely on the standard 
Panksepp method of tickling.  
Risk of Bias, Limitations, and Future Directions 
Poor reporting and use of methods to reduce risk of bias are a serious concern in the 
reviewed literature on tickling. Our risk of bias assessments demonstrate that crucial 
pieces of information are missing from many studies, such as adequate randomization to 
treatment groups and housing and blinding during the intervention and outcome 
assessment. We conservatively marked the majority of these studies as having an unclear 
risk of bias. However, it is perhaps more likely that these studies did not actually 
adequately randomize, or blind during intervention and outcome assessment. In this case, 
there is a risk that the effects of tickling have been overestimated and may be unable to 
be replicated (Macleod et al. 2009). Overall we encourage authors to follow the 
recommendations outlined by Macleod (2009) and the Animal Research: Reporting In 




One limitation of this systematic review is that we did not include theses in our review. 
Therefore our conclusions could be limited due to a publication bias or the file drawer 
problem, which occurs when negative or non-significant positive findings are placed in a 
file drawer rather than published. However, considering that some of the studies did 
include non-significant findings we consider this limitation to be a more minor concern. 
Overall, there is a need for future tickling studies to reduce risk of bias, report these 
efforts, and publish both significant and non-significant findings. 
Conclusion 
Overall, this systematic review demonstrates many positive effects of tickling rats, 
including increased 50-kHz vocalizations, increased positive human approach behaviors, 
decreased fear and anxiety after stress, and decreased stress from handling. Some of these 
effects are stronger in high-calling tickled animals, indicating inter-individual differences 
in outcomes from tickling. A review of the characteristics of tickling indicate that a wide 
variety of techniques are used, with the most common being Panksepp’s original 2000 
method. Future research is needed to determine the ideal dosage of tickling and the effect 
of calling rate on outcomes. Overall, we recommend tickling as a viable method for 
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CHAPTER 2. A HAPPIER RAT PACK. THE IMPACTS OF 
TICKLING PET STORE RATS ON HUMAN-ANIMAL 
INTERACTIONS AND RAT WELFARE 
Abstract 
Background: Rats find initial interactions with humans frightening, which can lead to 
negative affect, poor welfare, and difficult handling. Playful handling, or “tickling”, a 
technique that mimics rat rough-and-tumble play, can be used to reduce fear and improve 
welfare. When tickled, rats produce 50 kilohertz (kHz) ultrasonic vocalizations (USV) 
indicative of positive affect. Some rats consistently vocalize more (high-callers) and react 
more positively to novelty than rats that vocalize less (low-callers). Pet store rats, while at 
the store, experience high-levels of novelty and infrequent and inconsistent human 
interaction which may reinforce a fearful human-rat relationship. We hypothesized that 
tickling pet store rats improve human-rat interactions and animal welfare, particularly for 
high-callers, as compared to controls or low-callers.  
 
Methods: We sampled 36 female rats across 2 replicates. In each replicate, we randomly 
allocated 6 rats as minimally handled controls, and 12 rats as tickled. Tickled rats were 
split into two groups, high-callers (most vocalizations) and low-callers (least 
vocalizations), based on USV production during tickling for 3 days (5 min/rat/day). We 
applied handling treatments for 4 additional days (15 s/rat/day). During these 4 days we 
collected feces to assess fecal corticosterone levels and took continuous video recordings 
of each cage to quantify play behavior, activity level, and location. Finally, we 
assessed all rats with an unfamiliar human approach (60 s), manual restraint (30 s) and 
approach test (60 s). 
 
Results: Pet store rats display high inter-individual variation in production of 50-kHz 
USVs. In-cage video revealed that on day 1 high-callers pinned more than control rats or 
low-callers. Also tickled rats were less inactive and spent less time in their hut than 
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control rats. Tickled rats had higher fecal corticosterone levels than control rats. In an 
unfamiliar human approach and restraint test, tickled rats required fewer restraint 
attempts and shorter time to restrain than controls. Low-callers displayed more signs of 
increased fear and anxiety, such as fewer rears and lower activity level than high-callers 
during both approach tests. 
 
Conclusions: Short-term tickling of pet store rats improves ease of restraint with an 
unfamiliar handler. Rats responding positively to tickling, based on high-calling rate, 
show reduced fear toward unfamiliar humans based on their response in the approach 
test, in comparison to a low-calling rats. Overall, our results suggest that applying 
tickling to pet store rats, especially high-callers, may improve some interactions between 





Rats are the second most numerous mammal used in research, exceeded only by mice; 
yet they are the topic of 50% more scientific literature than mice (Krinke 2000). 
Additionally rats are growing in popularity as pets (APPA 2015-2016). As a prey species, 
rats initially find interactions with humans frightening. Thus, human-rat interactions can 
lead to negative rat affect, difficult handling, and poor rat welfare (Gartner et al. 1980; 
Hurst and West 2010). These interactions and the fear that results from them are 
significant because of the ubiquity and importance of rats. Rats sold as pets are 
particularly expected to interact with their owners frequently and positively. Therefore, 
pet store rats are a critical population to improve human-rat interactions that has been 
under-studied. 
 
Perhaps the most promising method to improve human-rat interactions is a technique 
known as “tickling” or heterospecific play. Tickling is a handling technique that mimics 
the rough-and-tumble play of juvenile rats (Panksepp and Burgdorf 2000) and that can be 
used to habituate them to handling. Rat juvenile play is characterized by contact at the 
nape of the target rat (dorsal contact) followed by the target rat rotating supine to be 
pinned on its back (pin) (Pellis and Pellis 1987). Tickling replicates these actions by a 
human using rapid, light finger movements on the nape of the rat’s neck (dorsal contact) 
followed by quickly turning the rat on its back and using rapid, light finger movements 
on its stomach (pin) (Panksepp and Burgdorf 2000). Previous research in laboratory rats 
indicates that tickling increases positive affect and approach behavior, and decreases 
general anxiety and fear as well as rat fear of humans (Burgdorf and Panksepp 2001; 
Cloutier et al. 2012; Mällo et al. 2007). 
 
Evaluating rat welfare and human-rat interactions can be challenging, however 
previously successful and rigorous measure include ultrasonic vocalizations, play 
behavior, fecal corticosterone, and approach and handling tests (Cloutier et al. 2012; 
Siviy and Panksepp 1985; Thanos et al. 2009). Adult rats make two distinct ultrasonic 
vocalizations that are reflective of different affective states: 22-kilohertz (kHz) 
vocalizations and 50-kHz indicative of negative and positive affective states, respectively 
39 
 
(Brudzynski 2009; Knutson et al. 2002). Thus, counting the number of ultrasonic 
vocalizations produced is a reliable method to evaluate positive affect states and the 
effects of tickling on rats. Play behavior is considered rewarding and a good indicator of 
positive welfare across species (Boissy et al. 2007; Held and Spinka 2011; Panksepp and 
Beatty 1980). In rats, play behavior as measured by number of pins is an effective 
indicator of overall play behavior of juvenile rats (Panksepp and Beatty 1980). 
 
Corticosterone is another commonly used measure of stress across species (Palme 2012). 
Fecal corticosterone is particularly useful as a non-invasive evaluation of chronic stress 
that has been validated in rats (Thanos et al. 2009) and is delayed from plasma 
corticosterone by approximately 6-9 hours (Cavigelli et al. 2005; Thanos et al. 2009). 
Corticosteroids are interpreted with caution as they indicate arousal levels rather than 
positive or negative valence; for example, corticosteroids are released during periods of 
high activity and positive valence such as sex, hunting and play (Barnett and Hemsworth 
1990; Dawkins 2006; Mason and Mendl 1993). However, previous work in rats has 
shown increased fecal corticosterone levels after stressful procedures such as blood draws 
(Thanos et al. 2009).  Additionally, in our study, we combined our physiological results 
with behavioral metrics such as play behavior, activity levels, and an approach and 
restraint test to put our findings in context. Finally, approach and handling tests are 
commonly used to measure animal reactions to human-animal interactions (de Passillé 
and Rushen 2005; Waiblinger et al. 2006). Although approach tests are criticized for farm 
animal welfare assessment due to poor reliability and validity (de Passillé and Rushen 
2005; Waiblinger et al. 2006), previous work in rats shows that tickling causes quicker 
approach behavior of a familiar handler than minimal handling (Burgdorf and Panksepp 
2001; Yamamuro et al. 2010). In pet store rats, it may be more relevant to measure their 
response to an unfamiliar human since pet store rats will be sold to new owners. 
 
In the evaluation of rat welfare and the effects of tickling, individual differences in rat 
response to tickling have greatly impacted outcomes (Kõiv et al. 2016; Mällo et al. 
2009b; Rygula et al. 2012). These individual differences have previously been assessed 
by measuring the rate of ultrasonic vocalization production. Some rats consistently 
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produce more vocalizations during tickling (tickled high-callers) than others (tickled low-
callers)(Mällo et al. 2007). These tickled high-calling rats may be more stress resilient 
than tickled low-callers (Burgdorf et al. 2009; Mällo et al. 2009) which may be because 
of their persistently high positive affect. Additionally only tickled high-calling rats show 
a positive cognitive bias to an ambiguous tone after tickling (Rygula et al. 2012). 
Therefore, the benefits of tickling on human-rat interactions and welfare are likely to also 
be impacted by rat trait response to tickling. 
 
Based on previous positive outcomes for laboratory rats, we hypothesized that tickling 
improves pet store rat welfare and human-rat interactions, with greater benefits for high-
callers. We predicted that tickled high-calling rats would have lower fecal corticosterone 
level, exhibit more play behavior in their home cage, and show more positive responses 
during an unfamiliar human approach and restraint test. 
Materials and Methods 
This experiment was part of a larger study investigating the effects of instituting a 
positive human-animal interaction technique for both pet store rats and the humans 
interacting with them (Chapter 3). All procedures were reviewed and approved by Purdue 
University’s Human Research Protection Program Institutional Review Board (IRB), 
protocol #1505015081, and Institutional Animal Care and Use Committee (IACUC), 
protocol #1504001226213 as well as Petco®. 
Animals, Housing, and Husbandry 
We conducted this study in two replicates at Petco® pet store, in Carmel, Indiana, USA. 
For each replicate, the pet store purchased 18 female pet rats between the ages of 5.5 to 
6.5 weeks old from Apet™ (Chicago, IL, USA). These pet rats had no specific strain. 
Upon arrival at the store, rats were housed in glass cages (66 cm long x 33 cm deep x 38 
cm high) with recycled paper bedding (Planet Petco Paper Crumbles Small Animal 
Bedding, BPV Environmental, Byron Center, Michigan, USA), a plastic hut (17 cm tall x 
33 in long x 24 cm wide) (Petville Walk Up Small Animal Barn, Doskocil Manufacturing 
Company Inc. d/b/a Petmate, Arlington, Texas, USA) and wood chews (Assorted Wood 
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Chews, International Pet Supplies and Distribution Inc., San Diego, California, USA). 
Rats were fed rodent chow (Kaytee Forti-Diet Pro Health Mouse, Rat & Hamster, Kaytee 
Products Inc., Chilton, Wisconsin, USA) and water ad libitum by refilling these 
containers twice daily. Once a week, store employees completely changed cage bedding 
and wiped all surfaces with a diluted disinfectant cleaner (Accel®, Virox Technologies 
Inc., Oakville, Ontario, Canada). Within each cage, temperature (average ± SD) was 26 ± 
1.3° C as measured by a HOBO® data logger. 
 
Researcher tickling sessions and the approach/restraint test were conducted in a novel 
“test cage” (40 liter glass aquarium, 51 cm long x 25 cm wide x 30 cm high) placed 5 m 
away from the home cages and filled with 2 cm of Care Fresh Bedding (Carefresh 
Complete, Healthy Pet, Ferndale, Washington, USA). Test cage walls were covered with 
white paper to prevent distractions. 
Experimental treatments  
A timeline of procedures is shown in Figure 3. When the rats arrived at the pet store, we 
marked each rat for individual identification with a unique color band on her tail using 
surgical grade markers (XL Prep Resistant Ink, Viscot Medical LLC, East Hanover, New 
Jersey, USA). After marking, we randomly placed each rat into one of three cages 
(Figure 4), using a sequence list generated by random.org so that each cage had an even 
number of rats throughout allocation to cages. Cages were split into two handling 
treatments. One of the three cages was randomly assigned as the control handling rats, 
standard care (6 rats per replicate), and the other two cages were assigned to the tickling 
treatment. Handling treatment locations were rotated between the upper and middle tier 
of display cages (132 and 81 cm above the floor, respectively) to control for effects of 
tier level and locus of human activity in the store (Cloutier and Newberry 2010). Rats 
were not available for sale from arrival until day 8, to ensure an equal number of rats 




Figure 3. Timeline 




Figure 4. Experimental Set-up 
Top- Location of the three rat cages within the pet store (noted with numbers) and bottom- 
close-up of one of the cages showing the location of the water bottle, hut, dish, and camera 
behind a Plexiglas divider. 
All rats were allowed to habituate to the store and new housing for at least 3 days (3 days 
in replicate 1 and 4 days in replicate 2). From arrival to day 1 of the study, all rats were 
given normal care (replenishing food and water twice daily) by employees. To ensure 
human safety during the experiment, since pet store rats are not specific-pathogen free, 
all employees and researchers wore handling gloves (Tasset, Worldwide Protective 
Products, Hamburg, New York, USA) while interacting with the rats. Researchers and 
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employees generally moved rats by cupping them in their hands. However, when 
necessary to prevent escape, researchers grasped rats by their tail for restraint in addition 
to cupping them. 
 
On days 1-3 between 0700 and 0930, one researcher (MRL) individually tickled each rat 
assigned to the tickling treatment for 5 min per day. This researcher removed each rat 
from its group-housed cage and carried to the test cage. Once placed in the cage, each rat 
had 30 sec to acclimate. The researcher then placed her hand in the middle of the cage for 
15 s of rest, where the rat was not engaged or tickled, followed by 15 s of tickling with 
dorsal contacts and pins (Cloutier and Newberry 2008). Rest and tickling were alternated 
every 15 s for a total of 5 min (excluding the acclimation period) and the rat was returned 
to her home cage. During these tickling sessions, a separate researcher (WB) live counted 
the vocalizations as described below in section 2.3.1 Measurements: Vocalizations.  
 
On day 3, after the third tickling session, we ranked rats from highest to lowest total 
production of 50-kHz ultrasonic vocalizations during tickling. A similar method has been 
used to bi-directionally select rats for high and low-calling based on 50-kHz USV 
production (Burgdorf et al. 2005). Based on this ranking, we used a median split to re-
house rats into a high-calling tickled cage and a low-calling tickled cage with an equal 
number of rats. This resulted in three calling rate groupings: control (not tickled, calling-
rate not assessed), tickled low-callers, and tickled high-callers. Pet store employees were 
also trained on day 3 to properly tickle rats through a 20 min training session using 
PowerPoint, videos, rat models, and additional live rats not involved in the study. 
 
On days 4-7, three trained pet store employees provided standard care to all rats and 
tickled the rats once a day between 1300 and 1900 under researcher supervision. These 
employees rotated randomly between the three cages daily. During this time, the 
employees listened for positive vocalizations in all rats using earbuds and a bat detector 
(Bat4 Bat Detector, Magenta Electronics Ltd., Staffordshire, UK). When tickling, the 
employees pinned each rat in the cage three times so that each rat received about 15 sec 
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of tickling a day. The employees were blinded to the separation of tickled rats based on 
calling rate but were unable to be blinded between control and tickled animals.  
 
On day 8, between 0600 and 0830, we evaluated all rats using a three-part approach, 
restraint, and approach test described below. From day 8 until all rats were sold, 
employees continued to tickle the high and low calling cages according to day 4-7 
procedures.  
Measurements 
On days 1-3 and day 7 we weighed the rats (g) using an electronic 2000g scale (SS 
Platform Digital Balance, OHAUS, Pinebrook, NJ, USA). 
Vocalizations  
During each tickling session on days 1-3, and on day 8 during the approach/restraint tests 
we live counted ultrasonic and audible vocalizations using a microphone (P48 Electret 
Ultrasound Microphone; Avisoft Bioacoustics, Berlin, Germany) capable of recording 
sounds in the 10-120 kHz range. The microphone was suspended 28 cm above the cage 
floor and connected to a computer via an Audio/MIDI interface (E-MU 040 USB2, E-
MU Systems, Scotts Valley, CA, USA). The SEA Pro Ultra real-time high frequency 
USV recording system (Nauta, Milan, Italy) was used to capture and visualize calls. 
Sampling of vocalizations occurred at a rate of 192 kHz and a bit depth of 24 bit during 
capture on a PC laptop.  
 
We classified vocalizations as 22 kHz when they had a frequency of 22-29 kHz, narrow 
bandwith of 1-4 kHz, and duration of >100 ms as (Brudzynski 2009; Wright et al. 2010). 
We classified vocalizations as 50-kHz when they had a frequency between 30 and 70 
kHz, but primarily around 50-kHz, a bandwidth of 5-7 kHz and duration of 30-40 ms 
(Brudzynski 2009; Wright et al. 2010). We did not sub-categorize the 50-kHz USV and 




Before the study began, inter-rater reliability was evaluated using a two-way, 
consistency, single-measures inter-observer concordance, of the three raters (MRL, WB, 
KH) scoring of practice sound clips.  Raters had excellent overall agreement (ICC = 
0.83). During data collection, separate observers counted all ultrasonic and audible 
vocalizations for the tickling sessions (WB) and approach and handling tests (KH). Since 
each observer coded a separate set of data, we maintained internal test consistency. Each 
vocalization recorder was blind to treatment. 
Cage Behavior 
On days 4-7, we continuously video recorded home cage rat behavior. We placed a video 
camera (1/3in Sony Super HAD Day/Night Camera 700 TVL w/E.S., ICR, BLC, LL, DC 
drive, 24 VA/12VDC, Inter-Pacific, Inc., Buffalo Grove, IL, USA) inside each cage 
behind a Plexiglas divider to prevent interference from store customers (Figure 4). Three 
researchers (TW, WB, and MRL) recorded location and behavior of each rat in the cage 
using instantaneous scan samples every 20 min and play behavior using continuous 
sampling. 
 
We split behavior into two broad categories of inactive (not moving: resting, sitting, or 
lying still at alert) or active (moving: rearing, walking, eating, playing, grooming, or 
moving head to sniff) with the additional category of out of sight (rat could not be seen 
well enough to determine its activity). These categories were chosen because humans 
typically prefer observing active rather than inactive animals (Bitgood et al. 1988; 
Fantuzzi et al. 2010) and results from the human portion of our study indicated that 
humans do indeed prefer active rats (Chapter 3).  Location within the cage was 
designated as either front, rear, in the hut, or on top of the hut. A rat’s location was based 
on the location of the front two feet. To assess play, we used continuous sampling to 
count number of pins per 20 min interval. A pin was defined as when one rat holds 
another rat down on its back in a supine position (Panksepp and Beatty 1980). Pinning 
behavior is highly correlated with overall social activity, has high inter-rater reliability, 




Data quality was maintained through assessing inter-observer concordance which was 
excellent as measured by Pearson correlation coefficients of 0.98 for number of pins and 
at least 0.80 for location and behavior. Additionally, each video coder watched an equal 
number of videos per treatment to maintain consistency. The researchers were unable to 
be blinded to the handling treatments, since they could see when the employees tickled 
the rats; however, they were unaware which rats were high versus low callers.  
Fecal Corticosterone 
On days 4 – 7 between 16:00 and 17:00, we removed and discarded all fresh fecal pellets 
from each cage. We collected all fresh fecal pellets present between 18:00 and 19:00 and 
immediately stored the samples on ice. All samples were transferred to a -20˚C freezer 
within 3 hours of being placed on ice and then transferred to a -80˚C freezer two months 
later for long term storage. Corticosterone was extracted from the feces using the steroid 
solid extraction protocol outlined by Arbor Assays (Ann Arbor, MI, USA). In brief, 
samples were dried overnight at 30℃, ground into a fine substrate, 0.2 g of each sample 
was weighed and 2 mL of ethanol was added to each sample. The samples were vortexed, 
shaken for 30 min (vortexing every 5 min within this period) and centrifuged at 5000 rpm 
for 15 min. The supernatant was removed and evaporated in a Speedvac for 4 h at 43℃. 
The dried samples were stored at -80℃ overnight and then re-suspended the following 
morning in 100 uL ethanol and 400 uL assay buffer provided by the kit and then diluted 
1:10 with assay buffer. 
 
Fecal corticosterone levels were determined using a commercial colorimetric ELISA kit 
(Arbor Assays, Ann Arbor, MI, USA) in accordance with the manufacturer's instructions. 
Samples were run in duplicate and read at 405 nm. Results were extrapolated from 
standard curves. Our efficiency of corticosterone extraction, verified using a steroid 
solution of a known concentration from the kit, was 39%. The intra-assay coefficient of 
variation was 23%. 
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Human Approach Test and Restraint test 
On day 8, between 06:00 and 08:30, we tested each rat in a human approach test before 
and after a restraint test. Rats were tested in a pre-determined order, randomized and 
balanced for treatment to account for any order effects. This test was a modified version 
of the “touch and grip” test (Maurer et al. 2008). The test had three components (1) 60 s 
approach, (2) 30 s restraint, and (3) 60 s approach. The test began with a researcher 
(MRL) placing the rat on the far end of the novel test cage facing the cage wall. At the 
other end of the cage, an unfamiliar researcher (WB) rested her right hand against the 
cage wall with fingertips touching the cage floor. After 60 s, the researcher restrained the 
rat by gripping the head and neck between the first and second fingers while the body 
was supported with the other fingers and the left hand restrained the tail in order to keep 
the body elongated. The rat was then lifted above the cage walls. During the restraint test, 
the rats’ tails were re-marked. After 30 s of restraint, the researcher (WB) placed the rat 
back in the start location for the second 60 s approach. 
 
In addition to live-recording vocalizations, each test was video-recorded for later coding 
using two cameras, one facing the handler for the restraint and one facing down into the 
cage for the approach. Researchers blinded to treatment coded each video using an 
ethogram for approach and restraint (Table 5) and continuous sampling. We chose 
variables to measure the rat’s fear and anxiety (both generalized and specific to the 
handler), ease of handling, and interaction with the handler. All restraint videos were 
coded by one trained observer (TW). Data quality was maintained by having an 
additional observer (WB) code 28% of the videos and assessing inter-observer 
concordance which was excellent (overall Pearson correlation coefficient of 0.94). 
Approach videos were coded by three researchers (MRL, TW, WB). Data quality was 
maintained by having each observer code a random spread of videos across treatments 
and assessing inter-observer concordance which was excellent (overall Pearson 




Table 5. Ethogram for Approach and Restraint Tests 
List and description of the behaviors of rats when exposed to an unfamiliar human during 
two 1 minute approach tests, and when restrained for 30 sec during a restraint test. 
Approach Measures 
Behavior Description Measure 
Rear Rat stands up on hind legs with both forepaws raised off 
the floor, in or out of contact with the walls and its head 
peering up into the air. A rear ends when both of the 





Two lines split the cage into 3 quadrants of 25 x 17 cm2. 
A line crossing occurred the moment when the front two 
paws of the rat cross the line. Lines are indicated by two 
marks on the cage edge and a transparency is placed on 










Rat appears to touch the handler’s hand with its nose or 
paws or body. On the video this occurs when the rat’s 
nose overlaps the black of the handler’s gloves OR shirt 





Grooming The rat cleans his or her fur by using his or her tongue and 
paws for at least half a second. Grooming starts as soon as 
the rat lifts its paws to its face and ends as soon as its 





Behavior Description Measure 
Restraint 
Attempt 
The first two fingers of the handler touch the animal’s 
neck while the tail is held with the opposite hand. A 
restraint attempt ends when the two fingers stop touching 
the rats neck (failure) or the rat is successfully lifted off 





The time between when the handler's left arm first moves 
towards the cage for restraint after the initial approach test 
and the instant when the rat's hind legs are lifted above the 









Struggling bout begins when the rat lifts its hind legs from 
level with its tail. A struggling bout ends when at least 
one leg relaxes back to level with the tail. Rat may move 
both its hind and front legs sporadically. If struggling 
starts immediately after restraint, the bout begins as soon 





Rat quickly turns it head towards the handler’s fingers in 





We analyzed all data in JMP statistical software (JMP® 12.0.1; SAS Institute Inc, Cary, 
NC, USA) using linear models except where otherwise noted. We confirmed the 
assumptions of mixed models via Levene’s test (homogeneity of variance) and 
visualization (normality of error and linearity). For all tests, the level of statistical 
significance was set at p < 0.05. Significant main effects and two-way interactions were 
then analyzed using Tukey tests. Three-way interactions were interpreted using test slices 
and subsequent Bonferroni corrected custom contrasts. We present results as least square 
mean ± standard error of the mean (LSM ± SEM).  
 
In each analysis, we nested the more inclusive variable of handling treatment (control 
handling vs tickling) within calling rate grouping (control rats with unknown calling rate, 
tickled low-callers, tickled high-callers). Replicate was included in each analysis as a 
blocking factor. Day was treated as ordinal. To avoid pseudoreplication and 
accommodate repeated measures, we blocked analyses by the experimental unit of either 
rat (N = 36; vocalizations, bodyweight, approach and restraint tests) or cage (N = 6; cage 
behavior, fecal corticosterone), with handling treatment and calling rate nested within 
them. Rat was considered random, but cage was treated as fixed since rats were 
specifically housed by calling rate, not randomly. In our final analysis blocking factors 
above p = 0.10 were excluded. 
 
In general, we used a full factorial of the following factors: calling rate grouping, 
handling treatment, and day. In select analyses, we modified or added variables. When 
assessing vocalizations during tickling, handling treatment was not included since control 
rats were not tickled. Initially, we included bodyweight as a covariate, but since it was 
not significant it was removed from the vocalization model. When assessing cage 
behavior, we also included the factor of lights (on or off) and either location or behavior 
in the cage. Any observations that were coded as out of sight were eliminated from the 
dataset. Thus, behavior and location time budgets do not equal 100% and the independent 
variables are not co-linear. Therefore changes in one behavior or location category will 
not necessarily directly influence another category. A generalized linear model with a 
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Poisson distribution was used to analyze number of pins. When assessing fecal 
corticosterone we included the coefficient of variation for each data point as a weighted 
variable (Madrid, Submitted). When assessing approach and restraint behavior we did not 
include day since the test was only conducted once. Additionally when assessing 
approach behavior, we included the variable of time point (before or after restraint). 
Results 
Below we report only the significant effects (P < 0.05) in the corresponding analysis. 
Additionally when both interaction and main effects were significant in an analysis we 
only report the highest level interaction effect. 
Vocalizations during Tickling 
During the three days of tickling for the tickling treatment rats, of the 24 rats that were 
tickled, all individuals made at least some 50-kHz calls with a range of 2 to 1864 total 
calls across 3 days. There were significant main effects of calling rate grouping (F1,64 = 
7.0, p = 0.003), day of tickling (F2,44 = 11.0, p = 0.0001) and replicate (F1,21 = 62.9, p < 
0.0001) on 50-kHz vocalizations. Tickled high-calling rats produced more 50-kHz 
vocalizations (results presented as back-transformed LSM; 25.3 ± 1.42 calls) than tickled 
low-calling rats (5.2 ± 1.42 calls) and all tickled rats produced fewer 50-kHz 
vocalizations on day 1 compared to days 2 and 3 (Tukey, p < 0.05). All tickled rats also 
produced fewer vocalizations during replicate 1 than in replicate 2.  Only 5 rats (4 high-
callers and 1 low-caller) produced 22-kHz vocalizations on day 1 in replicate 1 thus 
precluding statistical analysis. 
Body Weight 
Body weight was affected by day (F1,32 = 471.5, p < 0.001) and replicate (F1,32 = 43.0, p < 
0.001). Rats weighed more on day 7 (126 ± 2.5 g) than on day 1 (100 ± 2.5 g). Rats also 




There was a significant interaction effect of calling rate (control, low-calling tickled, 
high-calling tickled) and day on number of pins per cage per hour (X23 = 7.8, p = 0.049; 
Figure 4). On day 1 only, high-calling tickled rats had a higher total number of pins per 
hour than either low-calling tickled rats (Contrast, X21 = 16.9, p < 0.0001) or control rats 
(X21 = 12.0, p = 0.0005). Rats from all treatments had more pins when the lights were off 
than on (X23 = 155.5, p < 0.0001).  
 
 
Figure 5. The Impact of Calling Rate and Day on Play 
The impact of calling rate (control, tickled low-caller, tickled high-caller) and day on 
number of pins per cage per hour (LSM ± SE) in pet rats. ** p < 0.001 versus tickled high-
callers. *** p < 0.0001 versus tickled high-callers. 
Behavior while in sight in the cage was significantly impacted by two interaction effects.  
There was a significant three-way interaction between handling treatment (tickled, 
control), behavior (active, inactive), and day (1-4; F3,1107 = 3.7, p = 0.012). Compared to 
controls, tickled rats spent less time inactive on day 1 (Contrast: F1,1107 = 15.5, p < 
0.0001) and day 2 (Contrast: F1,1107 = 8.4, p = 0.004), but not days 3 and 4 (Figure 5). 
There was a significant interaction between behavior (active, inactive) and lights (on, off; 
F3,1107 = 72.3, p < 0.0001). When lights were off rats spent more percent of observations 
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active (36% ± 3%) and fewer inactive (17% ± 3%) and when lights were on rats spent 
more percentage observations active (24% ± 2%) and less inactive (41% ± 2; Tukey, 
p<0.05). 
 
Figure 6. The Impact of Handling Treatment and Day on Inactivity 
The interaction effect of handling treatment (control, tickling) and day on percent of 
observations displaying inactive activity while in sight (LSM ± SE) in 6 cages of pet rats. 
*** p < 0.0001 * p < 0.01 
Location was significantly impacted by three interaction effects. There was a significant 
three-way interaction between handling treatment (tickle, control), lights (on, off), and 
location (front, rear, on hut, in hut; F3,3385 = 6.4, p = 0.0003). When the lights were on, 
tickled rats spent less time in their huts than controls (Contrast; F1,3385 = 10.0, p = 0.002) 
and when the lights were off, tickled rats spent less time on top of their huts than controls 
(Contrast; F1,3385 = 10.8, p = 0.001; Figure 6).  
 
There was also a significant three-way interaction between calling rate treatment (control, 
tickled low-callers, tickled high-callers), day (1-4), and location (F9,3385 = 3.0, p = 0.001). 
On day 1, tickled low-callers spent fewer percentage of observations in their hut (20% ± 
2%) than control rats (27% ± 2%) (t3385 = -3.3, p = 0.001). On day 3, tickled low-callers 
spent fewer percentage of observations on top of their hut (4% ± 2%) than controls (12% 
± 2%) (t3385 = -3.6, p = 0.0003). Also on day 3, tickled low-callers spent fewer percentage 
of observations in the rear of their cage (6% ± 0.9%) than tickled high-callers (10% ±  
0.9%) (t3385 = -3.2, p = 0.001). 
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Finally, there was a significant three-way interaction between day, lights, and location 
(F9,3385 = 3.1, p = 0.001). Post-hoc analysis indicated that when lights were on, rats 
decreased the time spent in the hut in a linear fashion from day 1 to 4 (Contrast, F1,3385 = 
50.5, p < 0.0001). 
 
Figure 7. The Impact of Handling Treatment and Lighting on Location 
The interaction between handling treatment (control, standard handling n = 2 cages or 
tickling n = 4 cages), lights (on, off), and location on percent of observations (LSM ± SE) 
while in sight in 6 cages of pet rats. * p < 0.01 
Fecal corticosterone 
Fecal corticosterone metabolite levels were affected by handling treatment (control, 
tickled; F1,17 = 77.0, p < 0.0001) and total pins from 0700 to 1200 (F1,17 = 12.2, p = 
0.003). Fecal corticosterone was higher in tickled rats than control rats (Figure 8Figure 
7) and decreased as number of pins increased. There were no main effects of calling rate 




Figure 8. Fecal Corticosterone and Handling Treatment 
The effect of handling treatment (control, tickled) on rat fecal corticosterone (LSM ± SE) 
averaged across 4 days. *** p < 0.0001 
Unfamiliar Approach and Restraint Test 
Behavior 
During the unfamiliar restraint test, control rats required more restraint attempts (F1,33 = 
10.2, p = 0.003) and took longer to restrain (F1,33 = 4.8, p = 0.04) than tickled rats (Figure 
9). Struggle frequency and duration were unaffected by any variable (p > 0.05). Calling 
rate (control, tickled low-callers, tickled high-callers) did not affect any restraint 
behavior. We were unable to statistically analyze fecal boli or bite attempts because of 
their rarity. Fecal boli were only produced by 6 rats (2 controls, 3 tickled low callers, and 




Figure 9. Restraint Behavior 
Impact of handling treatment (control or tickled) on a) latency to restraint (s) and b) number 
of restraint attempts (LSM ± SE) of rats (N=36) during an unfamiliar restraint test. * p < 
0.05 ** p < 0.01 
During both unfamiliar approach tests, calling rate grouping affected rear duration, an 
indicator of fear and anxiety (F1,33  = 4.3, p = 0.045), and number of lines crossed, an 
indicator of activity (F1,33  = 7.4, p = 0.1; Figure 10). Low-callers had a shorter rear 
duration, and fewer line crossings than high-callers or controls (Tukey, p < 0.05). Time 
point of the approach test (before or after restraint) affected rear duration (F1,33  = 41.2, p 
< 0.0001), rear frequency (F1,33  = 46.4, p < 0.0001), total lines crossed (F1,33  = 79.3, p < 
0.0001), and contact frequency (F1,33  = 93.4, p < 0.0001). After restraint, rats spent less 
time rearing, had fewer rears, crossed fewer lines (less activity), and contacted the hand 





Figure 10. Approach Behavior and Calling Rate 
Impact of calling rate grouping on a) rear duration and b) number of lines crossed (activity 
level) during both unfamiliar approach tests before and after restraint in pet rats (N=3). 
Data is presented as LSM ± SE. Different letters indicate significant differences by a Tukey 
test. 
Significant interaction effects are presented in Figure 11. An interaction of calling rate 
grouping and time point affected latency to contact (F1,33  = 15.9, p = 0.0003) and total 
time near the hand (F1,33  = 9.2, p = 0.005). Before restraint, all rats had a similarly short 
latency to contact and after restraint all rats had an increased latency to contact, but low-
callers increased their latency to contact the most (Tukey, p < 0.05; Figure 11a). After 
restraint low-callers spent less time with the hand compared to either high-callers or 
controls before or after restraint (Tukey, p < 0.05; Figure 11b). An interaction of 
handling treatment (control, tickled) and time point significantly impacted contact 
duration (F1,33  = 9.8, p = 0.003).  Tickled rats had a longer contact duration than controls 
before restraint, but after restraint their contact duration decreased while control rat 




Figure 11. Approach Behavior and Interaction Effects 
During unfamiliar approach tests an interaction between calling rate (control, tickled low-
callers, tickled high-callers) and time point (before or after restraint) significantly impacted 
(a) time near hand and (b) latency to contact (s) (LSM ± SE). (c) An interaction between 
handling treatment of pet store rats (control, tickled) and time point (before or after 
restraint) significant impacted contact duration of the hand (s) (LSM ± SE). Different 
letters indicate significant difference at a significance level of p < 0.05. 
There was no effect of calling rate grouping, handling treatment, time point, or any 
interaction on grooming frequency, grooming duration, or total duration in the middle 





Calling rate did not significantly affect number of 50-Khz (F2,99 = 0.48, p = 0.618) or 
audible vocalizations (F2,99 = 0.28, p = 0.756). However, time point (before, during or 
after restraint) did significantly impact 50-kHz (F2,68 = 4.2, p = 0.019) and audible 
vocalizations (F2,68 = 36.6, p < 0.0001). Rats produced more 50-kHz vocalizations before 
(1.6 ± 0.3) than after (0.5 ± 0.3), restraint while during restraint was intermediate (0.6 ± 
0.3) (Tukey, p<0.05). Rats produced more audible vocalizations during (5.4 ± 0.5) than 
either before (0.08 ± 0.5) or after restraint (0.1 ± 0.5) (Tukey, p<0.05). Neither treatment 
(control, tickled) nor the interaction of calling rate and time point affected production of 
50-kHz or audible vocalizations. We were unable to statistically analyze 22-kHz calls 
because only one high-calling tickled rat produced nine 22-kHz calls during restraint. 
Discussion 
General Discussion 
Our study is the first evaluation of using tickling as a method to improve human-rat 
interactions and welfare in pet store rats. The current study is also novel in investigating 
the mediating effects of tickling on play behavior across 96 hours within the home cage. 
During this experiment, the humans interacting with the rats (employees, public, and 
customers) were also evaluated with results presented in a Chapter 3. Tickled rats were 
easier to handle shown by a shorter time and fewer attempts to restrain by an unfamiliar 
handler in a restraint test. Tickled high-calling rats displayed fewer anxiety behaviors in 
the approach tests when compared to low-calling tickled rats. However, our results only 
partially supported our original hypothesis that high-calling rats would show more 
positive responses during an unfamiliar human approach and restraint test. Furthermore, 
our results did not support our hypothesis that tickled rats, especially high-callers, would 
have lower fecal corticosterone.   
Vocalizations during Tickling 
Our results supported our prediction that pet store rats would display large inter-
individual differences in the production of 50-kHz vocalizations during tickling and 
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could differentiated based on calling rate. The range of 50-kHz vocalizations production 
was extremely large from only 2 total calls to 1864 total calls over 3 days of tickling. 
High calling rats produced an average of 6 to 19 times more calls than the lowest calling 
rats. Overall the rats split into low- and high-calling groups fairly neatly with a difference 
of 22 and 398 total calls between the highest low-caller and lowest high-caller in replicate 
1 and 2, respectively. These results support the large range of vocalizations observed in 
previous tickling experiments (Burgdorf et al. 2005; Mällo et al. 2007; Schwarting et al. 
2007). Since one experiment suggests that calling rate is not stable until after 10 days of 
tickling (Mällo et al. 2007), it is possible that some of the rats in this experiment were 
incorrectly categorized. However, previously rats have been successfully bred to create 
low- and high-calling strains after just 4 days of tickling for a total of 8 minutes 
(Burgdorf et al. 2005). 
 
Fewer overall calls were obtained in replicate 1, most likely due to the inexperience of 
the main tickler (MRL) in tickling naïve rats. Rats that are naïve to tickling can be more 
difficult to catch and turn over for tickling because of their initial fear of humans, 
particularly if the handler is inexperienced. Although MRL had been trained in tickling 
by an experienced tickling researcher and co-author on this paper (SC), tickling naïve rats 
proved more challenging than expected. Therefore, we recommend that future 
investigators ensure thoroughly training study personnel to specifically tickle rats that are 
naïve in tickling since these rats are most challenging. 
Cage Behavior 
In this study, we found that within the home cage tickled high-calling rats made more 
pins on day 1 than either tickled low-callers or control rats. Since play behavior is 
generally considered a good indicator of positive welfare (Boissy et al. 2007), these 
results may indicate that these animals had improved welfare compared to tickled low-
callers and control. Alternatively, since high-callers seem to perceive tickling as more 
positive (Rygula et al. 2012) they may also simply have a higher motivation to play. 
Additionally, we found that both groups of tickled rats spent less time inactive on the first 
two days of measurement. Activity is generally linked to arousal rather than the valence 
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of the situation, although inactivity can be linked to poor welfare when it occurs as a lack 
of responsiveness (Broom 1991). Therefore, since tickled rats are less inactive, they may 
have improved welfare compared to control rats. Alternatively, since the tickled rats got 
mixed on day 3 they could be more active as they are re-establishing a social order. 
Tickled rats also spent less time in their huts which could indicate that they were 
attempting to hide less and may be less fearful of humans. Overall this increased activity 
level and visibility of the tickled animals could be beneficial for sales, since people 
generally prefer to view active and visible animals (Bitgood et al. 1988; Fantuzzi et al. 
2010). 
Fecal Corticosterone 
In this study, contrary to our original hypothesis, all cages of tickled rats had higher fecal 
corticosterone levels than cages of control rats across 4 days of tickling by pet store 
employees. This was surprising considering that tickling previously has been found to 
have (a) positive effects on rat welfare by most other measures and (b) no effect on fecal 
or plasma corticosterone (Cloutier et al. 2013; Cloutier et al. 2014; Hori et al. 2013b).  An 
increase in glucocorticoids, however, does not inherently imply poor welfare since 
increases in glucocorticoids (a) are linked more strongly to arousal rather than a negative 
or positive valence, (b) can be linked to pleasurable activities such as sex, hunting, and 
excitement, and (c) have previously been found to have contradictory results between 
studies (Dawkins 2006; Mason and Mendl 1993; Rushen 1991). 
 
In addition to these general cautions about glucocorticoid data, there are several potential 
explanations for the unexpected results within this study. First, it is possible tickled rats 
had higher fecal corticosteroid levels from arousal in anticipation of positive playful 
interaction with humans. Previously rats will produce 50-kHz vocalizations contextually 
in anticipation of tickling when they visit a location that they have previously been 
tickled in or in response to a conditioned stimulus (Panksepp and Burgdorf 2000). We 
collected feces in this study between 1600 and 1800 which should reflect hormone levels 
between 0700 and 1200. For the three previous days the tickled rats had received 5 
minutes of tickling between 0700 and 0930. Additionally this was the time of day that 
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employees and the general public were arriving to the store and when food and water 
would be refilled. Therefore, higher fecal corticosterone could have been found as a 
result of higher arousal in anticipation of tickling. Second, we re-housed tickled rats on 
day 3 to group them by calling rate. Re-housing required two to three animals to switch 
cages and enter a new social grouping. Previously, it has been shown that removing an 
animal from a social grouping can increase corticosterone levels (Burman et al. 2008). 
Third, we collected feces on the days the rats were being tickled by pet store employees 
rather than the primary researcher. Since the employees were less experienced at tickling 
they may not have performed it as well which may have been stressful and therefore 
increased corticosterone.  
 
Additionally, fecal corticosterone level was much lower than what has been reported in 
previous studies. This overall lower level may make comparison between studies 
difficult. However, we collected fecal samples in the evenings between 1600 and 1800 
when fecal corticosterone is typically lower (Pihl and Hau 2003). Recovery of fecal 
metabolites in our assay was also lower than some previous studies (Burman et al. 2008; 
Cloutier et al. 2013) which means that when performing the extraction of corticosterone 
our protocol lost some corticosterone and could have led to lower overall fecal 
corticosterone. Lastly, the rats in this study were a pet breed of rat of unknown origin. It 
is unknown if this breed has previously been evaluated behaviorally or physiologically 
(i.e had their corticosterone levels quantified). 
Unfamiliar Approach and Restraint Test 
In the restraint tests, our results partially supported our primary hypothesis that tickling 
would improve ease of handling and restraint. Tickled rats with both high- and low-
calling rates took shorter time to restrain and required fewer restraint attempts than 
control rats. This result may be due to the fact that the hand motion of moving to restrain 
a rat is very similar to dorsal contact used in tickling. Therefore, previously tickled rats 
are habituated to this movement and actually may momentarily pause in anticipation of 
tickling. These results build upon findings by Cloutier (2015) that tickling is beneficial 
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when applied before a routine injection in laboratory rats.  These results support the 
practice of tickling rats before routine procedures as beneficial to the rats and caretakers.  
 
During restraint, we also found there was no significant difference in struggling or 
audible vocalizations between tickled and control rats. Considering that this was the first 
time that any of the rats had been restrained, and that restraint alone can be stressful, this 
may not be surprising (Cloutier et al. 2012; Cloutier et al. 2015). In the present 
experiment, it is likely that no amount of tickling could suppress rats’ struggling response 
upon initial restraint.  
 
In the approach test, results did not support our primary hypothesis that tickling would 
cause more positive responses in both low- and high-calling rats in comparison to 
controls. Rather, low-calling tickled rats scored lower than either controls and/or high-
callers in most measures such as rear duration, latency to contact, and number of line 
crossings. Our results are consistent with previous results where high-calling rats took 
less than 2 sec to approach a hand after tickling while low-responders took an average of 
13 sec (Burgdorf et al. 2008). They also support findings in random and bi-directionally 
bred low- and high-callers, where low callers show greater fear, anxiety, and seem to be 
more prone to stress (Burgdorf et al. 2009; Mällo et al. 2007; Mällo et al. 2009). Thus, 
our results suggest that initial restraint is aversive for rats, especially in low-calling 
tickled rats. After restraint, measures of anxiety and fear such as rearing, activity, and 
behavior towards the hand were decreased. The only measure that remained the same was 
grooming. It is possible that after being restrained rats increased in sham-grooming, or 
incomplete grooming bouts which occur after stress as a self-soothing behavior. However 
because both frequency and duration of grooming remained the same this seems unlikely. 
 
High-calling tickled rats were not significantly different from control rats in any measure 
from the approach and restraint test. This was surprising, considering that tickled rats 
have previously been found to make more visits to an unfamiliar hand and rear more 
often than minimally handled rats (Cloutier et al. 2012). In Cloutier (2012) the approach 
test was done in a separate box and room than the tickling treatment so the novelty of the 
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environment was the same for all rats. Approach tests have been criticized for a lack of 
specificity in distinguishing between fear and curiosity (Waiblinger et al. 2006). In our 
study, control rats could have been motivated to explore and approach the hand by 
novelty, rather than comfort and reward value because they had not previously been 
placed in the arena, unlike tickled rats. Additionally, for the tickled rats, the unfamiliar 
caretaker’s hand was placed on the side of the arena for the approach test, rather than in 
the middle where the caretaker who tickled rested her hand and they were unfamiliar. 
Therefore, the tickled rats may not have expected to be tickled and therefore, may not 
have approached or made anticipatory positive vocalizations. Finally, it is possible that 
our dosage of tickling was not high enough to cause a measurable effect. 
Limitations 
A limitation in this study was not knowing the exact calling rate of the control rats. 
Although we assume that the control rats represented an equal distribution of low and 
high callers because of random distribution, we cannot know for sure. In future studies, it 
may be beneficial to determine the calling rate of control rats, perhaps by tickling control 
rats for at least 3 days after the study is complete. Then calling rate can be treated as a 
continuous co-variate to determine whether differences in outcome are due to naturally 
occurring individual differences in calling rate or to the tickling treatment itself. 
Unfortunately, because of the limitations with working in the applied setting of a pet 
store, we were unable to tickle the rats for a longer period of time. 
Conclusion 
Overall, our results show that tickling, a handling technique mimicking rat social play, 
improves pet store rat handling and activity in the home cage which can potentially be 
beneficial for both sales and animal welfare. Tickling improve ease of restraint, decreases 
inactivity, and decreases hiding behavior. However, the benefits of tickling in an 
unfamiliar approach test and in cage play behavior are associated with the rats’ responses 
to tickling. High-callers played more in their home cage on day 1 and displayed less fear 
and anxiety behaviors in the approach test compared to low-callers. Further investigation 
is needed to evaluate the effects of tickling on low-calling tickled rats compared to low-
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calling control rats in order to clarify rat behavior in the cage and during approach and 
restraint tests. Our results provide support for the value of tickling rats to improve ease of 
handling. This knowledge can be used to refine rat handling techniques and further 
explain the variability of data collected from rats, as well as improving rat welfare. 
Similar to laboratory rats, pet rats respond positively to tickling as evaluated by 
vocalizations and behavior. Thus, use of tickling in pet stores could improve rat welfare, 
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CHAPTER 3. TICKLING PET STORE RATS: EFFECTS ON PET 
STORE EMPLOYEES, CUSTOMERS, AND NEW OWNERS 
Abstract 
Background. Playful handling, also known as "tickling," is a technique used by humans 
with rats to mimic rough-and-tumble play, improve welfare, and reduce fear. Anecdotal 
information suggests that this technique also has positive effects on humans; yet this 
assertion has not been empirically validated. We hypothesized that rat tickling would be 
beneficial to all populations interacting with or viewing rats at pet stores including 
employees, customers, and new rat owners. 
 
Methods. We sampled 9 employees, 806 customers, and 35 owners in 2 pet stores across 
3 replicates. Using the Animal Empathy Scale and the Positive and Negative Affect 
Scale, we assessed employees after caring for rats (using tickling or minimal handling 
methods) and after the sale of each rat. Using a survey, we asked customers to determine 
which cage of rats they would purchase and which cage of rats looked the happiest. We 
assessed new rat owners with surveys, including the Lexington Attachment to Pets Scale, 
in the store and at home to assess reasons for purchase, satisfaction, and attachment. Data 
was analyzed using general linear models (employees and owners) and generalized linear 
mixed models (customers). 
 
Results. Employee affect was unaltered by handling treatment in the first four days. At 
the point of sale, employee positive affect was higher when selling controls versus tickled 
rats, pets versus feeders, and rats that had been in the store less time. Customers were 
more likely to identify tickled high-calling and control rats as being happier. Customers 
were more likely to choose rats from cages with a higher proportion of colored rats for 




Conclusion. In conclusion, based on the measures used in our study, short-term tickling 
of pet store rats appears to have minimal to positive effects on humans. 
Introduction 
Human-animal interactions between humans and small animals like rats are important 
considering the recent growth in small animal ownership (APPA 2015-2016) and the 
ubiquity of rats in animal research. Rats are initially afraid of humans, which often leads 
to negative affect, difficult handling, and poor welfare (Gartner et al. 1980; Hurst and 
West 2010). Affect is the expression of emotional states. Without proper habituation, 
these negative effects continue and lead to a fearful human-rat relationship. The profound 
impact of caretakers on animal wellbeing has been well established in dairy cattle and 
pigs, where negative attitudes of and behaviors toward animals leads to reduced animal 
welfare and productivity (Coleman and Hemsworth 2014). Because some will be sold as 
pets, pet store rats are a critical population in which to establish a positive human-animal 
bond. As a pet, a rat’s purpose is to interact with humans regularly and positively, happily 
receiving petting, handling, and training. 
 
The interactions that rats have with humans—whether positive or negative—also affect 
those who care for rats in the store or at home. Negative interactions can increase human 
stress and frustration, while reducing overall satisfaction of interacting with rats. These 
negative experiences can be particularly problematic for pet store employees who act as 
caregivers for rodents that are eventually sold as either pets or “feeders” (live food for 
carnivores such as snakes and birds of prey). Anecdotally, pet store employees have 
described selling rodents as feeders has been described as stressful and equivalent to 
euthanasia; however, these assertions have yet to be empirically investigated. In a recent 
systematic review, animal care personnel, particularly those involved in euthanasia, 
report high levels of work stress and lower levels of job satisfaction (Scotney et al. 2015). 
Euthanasia of animals for non-medical reasons is associated with higher employee 
turnover in shelters (Scotney et al. 2015). Half of animal caretakers report mild to 
moderate traumatic stress from euthanizing animals (Rohlf and Bennett 2005). To combat 
these effects, several universities have implemented programs to educate and prevent 
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compassion fatigue. Compassion fatigue, also known as secondary traumatic stress, 
occurs when an individual’s compassion lessens over time as a result of the taxing nature 
of caring in the workplace. Therefore, attempts to mitigate the stress of selling rats as 
feeders—likely a similar experience to euthanasia—is essential when attempting to 
improve human-rat interactions. 
 
One strategy previously used to improve human-rat interactions for rats is a technique 
known as tickling or playful handling. Tickling is a technique that mimics the rough-and-
tumble play of juvenile rats by using light and rapid finger movements on a rat’s neck 
and belly (Panksepp and Burgdorf 2000). Previous research in laboratory rats has shown 
that tickling is a positive and beneficial interaction that decreases rat fear of humans and 
increases their positive affect (Burgdorf and Panksepp 2001; Cloutier et al. 2012). 
Affective states of rats can be can be measured by counting two types of their ultrasonic 
vocalizations (Brudzynski et al. 2011). Vocalization in the 22-kilohertz (kHz) range are 
indicative of negative affect while vocalizations in the 50-kHz range are indicative of 
positive affect (Knutson et al. 2002) (Brudzynski 2009). Additionally, some rats 
consistently produce more vocalizations when tickled (tickled high-callers) than others 
(tickled low-callers) (Mällo et al. 2007). Tickled high-calling rats may be less vulnerable 
to stress than low-callers because of their generally high positive affect reducing the 
negative effects of stress (Mällo et al. 2009). Rats with different calling rates may 
therefore have characteristically different human-rat interactions.  
 
Despite positive findings on the benefits of tickling rats for the animals, the effects of 
tickling on their humans have yet to be critically examined. Establishing a human-animal 
bond, which is bolstered by human-animal interactions, is beneficial for humans working 
in laboratories (Bayne 2002). Tickling may help form and strengthen human-animal 
bonds by increasing direct care for the animals, calling attention to individual differences, 
and aiding training sessions (Bayne 2002). The human-animal bond also has general 





In addition to caretakers, pet store customers and rat purchasers may benefit from 
establishing a human-rat bond and improving rat welfare through tickling. Tickling may 
improve the way rats interact with potential owners as well as general customers. Tickled 
rats may be more likely to approach unfamiliar humans more quickly, be more active, 
and rear more in their presence. These behavior changes may, in turn, increase a rat’s 
likelihood of purchase. Behavioral characteristics are the most commonly self-reported 
reasons for adoption of cats (Gourkow and Fraser 2006), dogs (Tesfom and Birch 2009), 
and rabbits (Edgar and Mullan 2011). Once adopted, behavioral characteristics are also 
one of the most common reasons for relinquishment of dogs and cats (Mondelli et al. 
2004a; Salman et al. 1998; Salman et al. 2000). By improving rat behavior via tickling, 
we may be able to improve rat purchase, adoption, and retention. Concern for animal 
welfare is a growing concern of customers, and leading businesses are experimenting 
with methods to better respond to animal welfare issues (Zadek 2004). Businesses are 
especially likely to adapt practices that are supported both by research and customers 
(Zadek 2004). Therefore, if research shows customers prefer to purchase rats that have 
been tickled and consider them happier, corporations may be more motivated to 
implement tickling as regular practice. 
 
In the present study, we build upon previous research of the benefits of tickling on rat 
welfare and expand that research with the first study of the effects of tickling on humans. 
Our rationale for this study was that tickling could improve rat welfare and the human 
animal bond, which in turn could improve human experiences and outcomes. We 
investigated all human populations, including employees, customers visiting the store, 
and new owners, that interact with the rats after their arrival at the pet store. Employees 
were evaluated using standardized self-report surveys to measure positive and negative 
affect and animal empathy. Pet store customers and owners of rats were evaluated using 
self-report surveys to measure their perceptions and decisions about rat purchasing. 
During this experiment, we also evaluated the rats for welfare benefits, and we present 




Our aim was to test the hypothesis that rat tickling is beneficial for both pet store 
employees and new owners—who interact with the rats—as well as patrons of the pet 
store—who observe the rats. We predicted that employees would have better affect after 
tickling rats and selling tickled rats, particularly tickled high-callers, in comparison to 
controls or tickled low-callers. We also predicted that pet store customers would prefer 
cages of tickled rats, particularly cages containing high-callers, over cages with low-
callers or control rats. Finally, we predicted that rat owners would have higher attachment 
to tickled rats, especially high-callers, in comparison to low-callers or control rats.  
Materials and Methods 
All procedures and informed consent protocols were reviewed and approved by Purdue 
University’s Human Research Protection Program Institutional Review Board, protocol 
#1505015081, and Animal Care and Use Committee, protocol #1504001226213, as well 
as Petco®. 
Participants 
Recruitment and eligibility 
Participants were recruited from two Petco® pet stores across three replicates in Carmel, 
Indiana, USA from June to December of 2016. Replicates one and three occurred at store 
one; replicate two occurred at store two. Inclusion criterion for all participants was 18 
years or older. Additional inclusion criteria for each group were (a) employees- no small 
animal allergies, (b) customers- willingness and ability to look at rats in cages, and (c) 
owners- purchase of a rat involved in our study. 
Sampling characteristics 




Table 6. Demographics of Participants 
Demographic information and current pet ownership of study participants. NA= Not 
Assessed *=15 Owners did not answer the question about gender 
  Employees N (%) Customers N (%) Owners N (%) 
Gender    
Female 6 (67%) 501 (62%) 9 (26%) 
Male 3 (33%) 285 (35%) 10 (29%) 
Transgender 0 4 (<1%) 0 
Prefer not to answer 0 14 (<1%) 1* (<1%) 
Ethnicity    
White 6 (67%) NA NA 
Hispanic 2 (22%) NA NA 
Other 1 (11%) NA NA 
Current Pet Ownership    
Cat 4 (44%) 444 (55%) 16 (46%) 
Dog 6 (67%) 595 (74%) 15 (43%) 
Rat 1 (11%) 30 (<1%) 3 (<1%) 
Mouse 0 17 (<1%) 0 
Hamster 0 79 (<1%) 1 (<1%) 
Gerbil 0 24 (<1%) 0 
Snake 3 (33%) 35 (<1%) 22 (63%) 
Bird 0 59 (<1%) 3 (<1%) 
Total N 9 803 35 
 
Employees. A total of nine employees participated in the study (three per replicate). They 
ranged in age from 18 to 40 years (M = 24.4, SD = 6.9). Eight employees spoke English 
as their first language; one employee spoke Spanish as his first language. Employee’s 
years of professional experience with animals ranged from one to thirteen years (M = 4.9, 
SD = 4.5). One employee was married with children and the rest were single without 
children. 
 
Customers. A total of 803 pet store customers participated in the study (replicate 1 = 306, 
replicate 2 = 287, replicate 3 = 211). They ranged in age from 18 to 92 (M = 42.4, SD = 
14.5). Petco® provided company data about the consumer base within 3 miles of both 
stores to get an understanding of the typical population visiting the stores. Within 3 miles 
of store one, the population was 85% white, had a population of 59,196, had an average 
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age of 39, and had a median income of $77,964. Within 3 miles of store two, the 
population was 75% white, and the area had a population of 36,748, an average age of 39, 
and a median income of $68,906. 
 
Owners. A total of 35 rat owners participated in the study after purchasing rats from this 
study (replicate 1 = 11, replicate 2 = 13, replicate 3 = 11). They ranged in age from 18 to 
61 (M = 34.2, SD = 11.5). 
Procedure 
This experiment was part of a larger study investigating the effects of instituting the use 
of a positive human-animal interaction technique on both pet store rats and humans 
interacting with those rats. Primary outcomes related to rat welfare are reported in 
Chapter Two. This chapter focuses on the results from human participants. We assessed 
the response of human participants (employees, customers, rat owners) to interacting with 
or viewing rats that experienced different handling techniques: tickling or standard. We 
compared tickling to a control of standard, minimal care in which food and water daily 
was refilled daily and rats were only handled by lifting them up on cage change days.  
 
In each replicate, we housed 18 rats in three cages (6 rats per cage). Rats in two of these 
cages (12 rats per replicate) were individually tickled by one researcher (MRL) for five 
minutes per day to provide each rat with individualized tickling and measure their 
responses. During each tickling session, to measure positive affect, we recorded the 
number of positive ultrasonic vocalizations produced by each rat (Knutson et al. 2002). 
After tickling on day 3, we re-housed rats into two groups based on a median split of their 
production of 50 kHz ultrasonic vocalizations: high-callers (6 rats with the most 
vocalizations) and low-callers (6 rats with the least vocalizations). The six control rats 
remained in their original cage. This resulted in three separate handling treatments: 
control, tickled low-callers, and tickled high-callers. To ensure an equal number of rats 
remained in each cage during employee handling and customer surveys, the rats were 
unavailable for purchase until day 8 of the study (Table 7).  
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Table 7. Timeline of Procedures and Measurements. 
A timeline of all activities completed in the study. AES: Animal Empathy Survey; PANAS-
X: Positive and Negative Affect Schedule Extended; PANAS-Short: Positive and Negative 
Affect Schedule Short; LAPS: Lexington Attachment to Pets Scale 
 Day 
Sample 1 – 3 4 – 7 8 – Sale 1 week Post-Sale 
Rats 






















Sell rats + 
PANAS-
Short 
Day 8: AES 
- 
Customers  
(N = 803) 
- Perception Survey - - 
Owners 








We trained all employees to properly tickle rats through a 20 minute training session 
using PowerPoint, videos, and additional rats not involved in the study. Following 
training, on days 4-7, each employee cared for a single cage of rats each day, randomly 
rotating through the cages so that each employee handled each cage at least once. During 
care, employees listened for positive vocalizations using headphones connected to a bat 
detector set to 50 kilohertz. For cages all cages, employees refilled food and water if 
needed, and visually observed rats for obvious signs of illness. This standard minimal 
handling was the only human contact the control rats received. Rats in the tickled 
condition were also tickled by the employees for about 15 seconds per rat in a cage. A 
researcher (MRL) supervised these procedures on days 4-7. From day 8 until all the rats 
were sold, employees used the prescribed care procedures for each cage, but without 
supervision and for multiple cages each day. Employee were also trained by the primary 
researcher (MRL) to follow a standardized recruitment strategy for new owners. 




On days 4-7, we administered a brief paper survey to visiting customers about their 
perceptions of the rats in the store. Five trained female research assistants followed a 
standard script to invite any person found near the rat cages to take the survey. All 
research assistants wore Purdue University polo shirts during the procedure. Response 
rate was recorded during the third replicate only and indicated a 73% participation rate 
amongst customers. As an incentive, all participants who left their email address (83% of 
participants or 667 individuals) were entered into a drawing for two $25 Petco® gift 
cards. 
Owners 
Individuals visiting the pet store to purchase a rat were recruited by pet store employees 
according to a standardized recruitment procedure. Owners were invited to take a 
Purchase Survey in the store at the time of purchase and were given a Home Survey to 
complete one week later. The Home Survey contained a postage-paid envelope and $5 
cash compensation. If owners left their emails, they were also sent reminder emails. If 
owners did not wish to take the Purchase Survey in store, they were sent home with both 
surveys. Response rate was 85% for the Purchase Survey (46 of 54 rat surveys returned) 
and 43% for the Home Survey (23 of 54 rat surveys returned). 
 
Employees encouraged owners to select rats without employee assistance to prevent 
employees from bias owner rat selection by encouraging them to pick either tickled or 
control rats. If owners did not want to select their own rat, employees selected a rat using 
a pre-made random-order list balanced by cage. Owners were blinded to rat treatment, 
meaning they were unaware of their selected rat’s treatment and the fact that any rats had 
received additional human interactions. However, if the owners asked, they were 





Employees completed four different surveys and two additional questions throughout the 
study.  
 
Demographic Survey. A brief demographic survey was completed once the employees 
were recruited. This survey asked participants to report their age, gender, race, marital 
status, whether they had children, first language, allergies to animals, and current pet 
ownership.  
 
Animal Empathy Scale (AES). The AES is a 22-item, self-report scale to measure 
empathy towards animals (Paul 2000). Participants rate how strongly they agree or 
disagree with 22 statements about animals using a 9-point scale ranging from agree very 
strongly to disagree very strongly. It is reported to have good internal reliability with a 
coefficient alpha of 0.78 (Paul 2000).The AES was completed once before the initial 
training session and once on day 11 at the end of the study. 
 
Positive and Negative Affect Schedule – Expanded Form (PANAS-X). The PANAS-X is 
a 60-item, self-report scale used to assess positive and negative affect as well as 11 
additional sub-scales for basic negative emotions (fear, hostility, guilt, sadness,) basic 
positive emotions (joviality, self-assurance, attentiveness,) and other affective states 
(shyness, fatigue, serenity, and surprise) (Watson and Clark 1997). PANAS-X uses a 5-
point scale ranging from very slightly or not at all to extremely to report the level of 
feeling for 60 emotional states. The reliability and validity of each of the scales of the 
PANAS-X have been well documented with coefficient alphas ranging from 0.76 to 0.93 
(Watson and Clark 1997). The PANAS-X was completed on days 4-7 directly after rat 
handling. 
 
PANAS – Short. The PANAS-X items can be reliably used when separated from the full 
instrument (Watson and Clark 1999). We used the PANAS short version outlined by 
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Kercher (1992) which includes 10 items to test positive affect (inspired, alert, 
enthusiastic, determined, excited) and negative affect (afraid, nervous, scared, distressed, 
upset). The shortened version of the PANAS was completed by employees immediately 
after selling each rat. 
 
Additional Questions. On days 4-7 after handling rats, employees were asked if they 
heard any 50 kilohertz ultrasonic vocalizations, indicative of rat positive affect (Burgdorf 
et al. 2009). At the point of sale, employees were asked if the rat was sold as a pet or a 
feeder animal. 
Customers  
Perception Survey. The purpose of the perception survey was to determine whether 
customers would prefer to purchase tickled rats and if they thought those rats looked 
happier than control rats (Appendix B). We also were interested in customers’ reasons 
for rat selection. Customers were blinded to the tickling study design, purpose, treatment, 
and conditions of the rats. Customers only knew that they were participating in a study to 
determine preferences for and perceptions of rats in the store. 
 
In addition to demographics, we asked customers which cage they would purchase from 
and why, which cage of rats looks the happiest and why, and information about their 
prior pet ownership. We also asked customers if they would ever consider purchasing a 
rat; response options included 1) Yes, as a pet 2) Yes, as a feeder animal and 3) No 
(replicate 1 only). During the second and third replicates we further subdivided No 
responses into: 1) No, I like rats, but I would not want to purchase one and 2) No, I do 
not like rats. The customer survey is included as a supplemental attachment. 
Owners 
The rat owner surveys are attached in Appendix C and consist of the items below. The 
purpose of the surveys was to determine reasons for rat selection, satisfaction with the rat, 




Purchase Survey. The initial survey included eleven questions about reasons for rat 
purchase and selection adapted from Gourkow and Fraser 2006, questions about prior pet 
ownership, questions about the influence of a rat’s prior experience on future feeder 
selection, and demographic questions.  
 
Home Survey. The follow-up survey contained five questions about customer 
satisfaction, as well as frequency of, type of, and response to interactions with the rats. 
 
Lexington Attachment to Pets Scale (LAPS). The LAPS was used to measure the 
attachment that owners had to their rats after one week of ownership. Owners answered 
23 questions about emotional attachment to their rat using a 4-point Likert scale from 
strongly agree to strongly disagree. The LAPS has a high degree of internal consistency 
with a coefficient alpha of 0.94 as well as content and construct validity (Johnson et al. 
1992). It is the most widely used assessment of pet animal attachment (Wilson and 
Netting 2012). 
Data Analysis 
All data analysis was conducted in Statistical Package for the Social Sciences (SPSS) 
Version 23.0. All assumptions for models were confirmed prior to testing. Significant 
effects were analyzed via post-hoc Tukey tests and Bonferroni corrected contrasts. 
 
We assessed employee affect using general linear models with the fixed effect of 
handling treatment (control, tickled low-callers, or tickled high-callers). To control for 
individual variability, we identified intercepts at the individual level (i.e. employee) as 
random effects. For employee affect after handling, we included the fixed factors of time 
(days 1-4), vocalizations (yes, no), and the interaction of treatment and time. For 
employee affect at the point of sale, we included the fixed factors of sale type (pet, 
feeder) and number of days in store prior to sale. Demographic variables were not 
included in these models because these variables do not significantly affect PANAS 
scores (Crawford and Henry 2004). We assessed employee empathy using a matched pair 
t-test.   
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We assessed customer preferences for handling treatment (control, tickled low-callers, or 
tickled high-callers) using a generalized linear mixed modeling (GLIMM) procedure. 
GLIMM is an effective statistical procedure for nested, categorical, non-normal data. We 
specified a binomial distribution sampling model with a logit-link function. We 
controlled for age, gender (male, female, other), prior lifetime rat ownership (yes, no), 
cage tier (top, bottom), and percentage of colored rats in the cage. We assessed customer 
reasons for cage choice using directed content analysis (Hsieh and Shannon 2005). A 
single research assistant split customer answers into 4 broad categories and 9 
subcategories: appearance (small, color, cute), behavior (high activity, 
happy/friendly/social, low activity), miscellaneous (location of cage, miscellaneous), or 
none. If multiple reasons were listed, only the first reason was coded and used in analysis. 
 
We assessed owner preference for purchasing a particular handling treatment (control, 
tickled low-callers, or tickled high-callers) or type of purchase (pet or feeder) using a 
contingency analysis. We assessed whether owner attachment was related to handling 
treatment (control, tickled low-caller, tickled high-caller) or type of purchase (pet or 
feeder) using a general linear mixed model. To control for individual variability, we 
identified owner as a random effect. 
Results 
Employees 
All employee affect test statistic results are presented in Table 8. 
 
PANAS-X. There was no significant main effect of handling treatment (controls, tickled 
low-callers, or tickled high-callers) on employee affect immediately after handling 
(Figure 12). There were also no significant effects of employee, time, vocalizations, or 
the interaction between treatment and time on either positive affect, negative affect, or 




Table 8. Effects on Employee Affect. 
The effects of various independent variables on the dependent variables of employee 
positive and negative affect directly after handling or selling rats that had either received 
control or tickled handling treatment (split between tickled low-callers, or tickled high-
callers). Other variables include time measured in days, vocalizations (present or absent), 
sale type (pet or feeder), and individual employee. Bolded p-values indicate a significant 
effect. 
Dependent Variable Independent 
Variable 
Effect Statistics p 
Positive Affect after Handling Handling Treatment F(2,21) = 0.41 0.67 
 Time F(1,21) = 0.96 0.34 
 Vocalization F(1,22) = 0.80 0.38 
 Treatment*Time F(2,21) = 1.50 0.25 
 Employee Wald Z = 0.880 0.05 
Negative Affect after Handling Handling Treatment F(2,22) = 0.47 0.63 
 Time F(1,21) = 2.61 0.12 
 Vocalization F(1,25) = 0.68 0.42 
 Treatment*Time F(2,22) = 0.19 0.83 
 Employee Wald Z = 1.59 0.12 
Positive Affect after Sale Handling Treatment F(2,14) = 4.42 0.03 
 Sale Type F(1,16) = 10.69 0.005 
 Time F(1,15) = 15.10 0.001 
 Employee Wald Z = 1.59 0.11 
Negative Affect after Sale Handling Treatment F(2,14) = 1.30 0.30 
 Sale Type F(1,19) = 0.24 0.63 
 Time F(1,19) = 0.24 0.20 






Figure 12. Employee Affect 
Pet store employee positive and negative affect after (a) four days of handling, and (b) sale 
of rats cared and handled using standard (control) or tickling procedures (split between 
low-calling and high-calling rats). *indicates a significant effect of handling treatment on 
positive sale affect at p = 0.03. 
PANAS-SHORT. There was a significant main effect of handling treatment (controls, 
tickled low-callers, or tickled high-callers) on employee positive affect but not negative 
affect at the point of sale (Figure 12). Post-hoc contrasts indicate that employees had a 
higher positive affect when selling control rats, compared to tickled rats (both high- and 
low-callers). Employee positive affect was also higher when rats were sold as pets instead 
of feeders and when rats were sold that had been in the store for less time. There were no 
significant changes in negative affect based on sale type, time in store, or employee. 
 
Animal Empathy Survey. Self-reported employee empathy did not change from before 
(M = 146, SD = 15) to after (M = 151.3, SD = 17.8) the overall 7-day treatment (t(8) = 
1.61, p = 0.15). 
Customers 
There was a significant main effect of treatment (controls, tickled low-callers, or tickled 
high-callers) on customer choice of happiest cage (F2,2360  = 4.65, p = 0.01), but not 
preferred cage to purchase from (F2,2361 = 0.21, p=0.81) (Figure 2). Post-hoc analysis 
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indicate that customers were less likely to choose low-calling tickled rats than control rats 
(paired t-test, t = -2.380, p = 0.17)—but customers were not more or less likely to choose 
high-calling tickled rats. When asked which cage looked happiest, customers were more 
likely to choose cages on the bottom tier than top tier (F1,2360 = 5.45, p = 0.02). When 
asked which cage they would purchase from, customers were more likely to choose cages 
with a higher percentage of colored rats (F1,2360 = 19.65, p < 0.0001). There were no 
significant effects of age, gender, prior rat ownership, or if the customer would consider 
purchasing a rat as a pet. 
 
 
Figure 13. Customer Preference 
The percentage of customers that chose each cage as their preferred cage to purchase from 
or identified the cage that appeared happier. The treatments of the cages, which the 
customers were blind to, were control, tickled low-caller, and tickled high-caller. *p = 0.01 
Most customers would never consider purchasing a rat 78% (N = 626), but more 
customers would consider purchasing a rat as a pet 20% (N = 162) than as a feeder 
animal 2% (N = 16). In replicates 2 and 3, customers who did not want to purchase a rat 
were asked why, a subset actually liked rats 43% (N = 171) but did not want to purchase 
them. Also in replicate 2 and 3, customers most commonly cited behavioral reasons, 







Figure 14. Customer Main Reasons for Selection 
Main reasons of pet store customers (N = 498) for selecting which cage of rats (a) to 
purchase from, if they would purchase a rat, and which cage (b) looked the happiest. 
Table 9. Customer Sub-Categories of Reasons for Selection 
Subcategories of reasons (% of total) of pet store customers (N = 498) for selecting which 
cage of rats to purchase from, if they would purchase a rat, and which cage looked the 
happiest. 
Category Subcategory % Purchase % Happy 
Behavior High activity 27 52 
Happy/Social/Friendly 12 10 
Low activity 10 18 
Appearance Small 17 <1 
Color 15 <1 
Cute 8 <1 
Miscellaneous Location of cage 4 0 
Miscellaneous 6 4 
No Reason Blank 7 12 






Thirty-five owners completed the Purchase Survey about 46 rats. The 46 rats surveyed 
about included 24 feeders—9 control, 6 tickled low-callers, 9 tickled high-callers—and 
19 pets—3 control, 10 tickled low-callers, 6 tickled high-callers. Neither pet nor feeder 
owners were more likely to purchase rats from a single treatment group (X2 = 4.07, p = 
0.13).  The most important reason for purchasing a rat as a pet was for the enjoyment of 
an adult person (Figure 15 and Table 10). When selecting which rat to purchase, pet 
owners chose multiple reasons related to friendliness, while feeder owners identified no 
reason or selected rats based on size or coat color (Figure 15 and Table 10). Some feeder 
owners would not have purchased their rats if they had known it enjoyed interacting with 
humans (21%) although most would still have purchased their rat (63%) and some did not 







Figure 15. Owner Main Reasons for Selection 
Main reasons cited by rat owners (percentage) as very important for (a) purchasing a rat 
and (b) choosing their rat over other rats in the store. The sample is split between owners 
that bought their rats as pets (N = 19) or feeder animals (N = 24). Percentages do not add 




Table 10. Owner Sub-Reasons 
Sub-reasons (percentage) cited by rat owners as very important for (top) purchasing their 
rat and (bottom) choosing their rat over other rats in the store. The sample is split between 
owners that bought their rats as pets (N = 19) or feeder animals (N = 24). Percentages do 
not add up to 100 because owners were allowed to select more than one reason. 
Purchasing Reasons 
Category Subcategory % Pet % Feeder 
Enjoyment for a Child 53 0 
Teen 39 0 
Adult 89 0 
Companionship for a Child 37 0 
Teen 22 0 
Adult 53 0 
Pet 56 0 
Teach Responsibility to a Child 47 8 
Teen 17 8 
Feeder related Feed to pet 0 100 
Save from feeding 33 0 
Selection Reasons 
Category Subcategory % Pet % Feeder 
Behavioral Friendly with me 78 9 
 Friendly with other rats 65 0 
 Approached 65 0 
 Relaxed 61 5 
 Playful 47 0 
 Happy 44 0 
 Fearful 24 0 
 Sad 24 0 
 Shy 12 5 
Appearance Sex 47 0 
 Coat color 44 10 
 Size 39 25 
 Eye color 12 5 
 Coat length 0 0 
Environmental With Others 71 0 
 Climbing on hut 36 0 
 Playing with toys 36 0 
 Alone 12 0 





Fourteen owners completed the Home Survey about 23 rats. All pet owners were very 
satisfied with their rats (N = 14) regardless of treatment. Feeder owners ranged from 
neutral (60%, N = 3) to satisfied (20%, N = 1) and very satisfied (56%, N = 5) with their 
rats. In a self-report of interactions with their rat during their first week, all pet owners 
interacted with their rat at least 5 times, reported that their rat appeared to enjoy 
interacting with humans, and reported that their rat runs to the front of the cage when the 
owner approached.  Pet owners completed a variety of activities with their rats, with the 
most common ones being petting, holding, feeding food or treats by hand, and talking to 
their rats (Table 11). 
 
Table 11. Owner-Rat Activities 
The percentage of pet rats (N=14) with which owners performed a variety of activities 
during the first week after purchase. 
# of times Talking to 
Feeding  
by hand Holding Petting Training Tickling 
None 0 0 0 14 21 21 
1-4 times 7 7 0 0 35 50 
5-6 times 0 0 14 7 7 7 
>6 times 93 93 86 79 36 21 
 
Lexington Attachment to Pets Scale. Eleven owners completed the LAPS on 20 rats (6 
feeders: 2 control, 2 tickled low-callers, 2 tickled high-callers and 14 pets: 1 control, 9 
tickled low-callers, 4 tickled high-callers). There was not a significant main effect of 
treatment (controls, tickled low-callers, or tickled high-callers) on LAPS score (F2,8 = 0.1, 
p = 0.90).  However, a higher LAPS score, indicating higher attachment to a companion 
animal, was seen in pet owners (M = 50, SD = 9) compared to feeder owners (M = 7, SD 
= 3) (F1,8 = 51.8, p < 0.0001). There was also a significant effect of Owner ID (Wald Z = 





Our study presented the first evaluation of the effects of tickling, a playful human-rat 
interaction, on (1) pet store employees, (2) pet store customer rat selection, and (3) rat 
purchaser selection and attachment. Additionally, this study was the first evaluation of (1) 
pet store customer rat selection reasons at a large scale and (2) the characteristics of pet 
rat owners, their decisions, and activities with their rats. Our results did not support our 
predictions that employees would have improved affect after tickling, that customers and 
purchasers would preferentially select tickled animals, or that customers would be more 
attached to tickled rats. However, there were several indications of stronger human-
animal bond and preference for friendly and playful rat behaviors that may support the 
use of rat tickling in stores. Additionally, as discussed in detail below, several factors 
could have contributed to these results such as small sample sizes, large individual 
differences in affect, lack of direct interaction for customers, and short duration of 
treatment. We recommend future studies explore using larger samples sizes evaluated 
over a longer period of time. 
Employees 
For employees, results did not support our primary hypothesis that tickling, particularly 
for high-callers, would improve employee affect after handling and at the point of sale. 
Tickling appeared to have no influence on employee affect directly after handling during 
the four days of tickling after a training session. This was surprising since anecdotally 
caretakers report enjoying tickling. However, several factors could have contributed to 
this finding. Although we did train the employees how to tickle rats before the study, the 
tickling technique was still relatively novel and challenging. During the study, it was also 
the first time the employees tickled rats in their normal housing on the store floor which 
required them to stand on a step-stool and navigate the obstacle of a bar in the way, 
whereas during training, employees were tickling rats in an open glass tank at hip level. 
Therefore, it is possible that employees felt apprehension during the treatment phase that 
they did not experience during training. This apprehension could reduce the overall 
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positive effects of tickling. It is possible that a longer, more varied training period may be 
necessary for employees to feel confident with the procedures and for employees to reap 
the positive emotional benefits reported anecdotally. A larger sample size would be 
necessary to identify generalizable trends based on fixed factors.  
 
At the point of sale, employee positive affect was lower when selling tickled rats versus 
controls, feeder animals versus pets, and rats that had been in the store longer. The 
strongest effect size by far, was seen when comparing feeder and pet rats. This result was 
anticipated, considering the emotional similarities between selling a rat as a feeder and 
performing euthanasia. In animal caretakers, a high incidence of occupational stress and 
euthanasia-related strain in animal caretakers has been reported (Scotney et al. 2015), and 
our result is the first evidence that pet store employees may be at risk of occupational 
stress similar to animal caretakers dealing with euthanasia. Considering our small sample 
size, however, we caution that these results are preliminary. Pending future studies, pet 
stores may consider implementing social support networks to minimize job stress as 
suggested by Scotney et al. (2015) for other workplaces with animal caretakers. 
Employee positive affect may have been lower when selling tickled rats and rats that had 
been in the store longer because of a stronger human-animal bond. Human-animal bonds 
can be formed and strengthened when caring and nurturing routines are established 
(Bayne 2002). Stronger human-animal bonds could explain why positive affect was lower 
when selling tickled animals, as they received more care, and rats who had been in the 
store longer, as they received care for a longer period of time.  
 
Although employee animal empathy did not change after training and tickling for several 
days, there were no specific questions related to rats or other small animals on the Animal 
Empathy Scale. In contrast, when using a species specific attitude scale, Coleman and 
Hemsworth (2014) found that dairy cow and pig caretaker attitudes can successfully be 
improved following training (Coleman and Hemsworth 2014). These animal-caretakers 
that had been trained to have improved attitudes towards pigs also had a higher 
workplace retention rate than untrained control employees (Coleman et al. 2000). Our 
research team has begun piloting a scale specific to rat attitudes in order to more 
94 
 
appropriately test rat attitudes; however, data collection is in its early stage. Our 
employee data was limited by this project’s short-term and small sample size. Future 
studies should include longitudinal data from larger samples with longer, more varied 
training periods across different settings such as pet stores, rescues, and laboratories.  
Customers 
Our results did not support our primary hypothesis that pet store customers would prefer 
rats that had been tickled, particularly high-callers, to purchase and identify high-calling 
ticked rats as appearing happier. Instead, when asked which cage looked the happiest, 
customers were more likely to select high-calling and control rats rather than low-calling 
rats. The control group should represent an equal amount of high- and low- calling rats, 
but we were unable to verify that. Perhaps, customers were able to identify that low-
calling tickled rats display greater fear, anxiety, and are more prone to stress (Burgdorf et 
al. 2009; Mällo et al. 2007; Mällo et al. 2009). It is unknown whether this innate fear and 
anxiety of low-callers is increased or decreased by the tickling procedure. When asked 
which cage they preferred to purchase from, customers did not prefer any treatment over 
any others. Rather, customers were also more likely to prefer cages that contained a 
higher percentage of colored rats. Customers may have selected a cage based on physical 
characteristics because they were unable to interact with individual rats, making 
behavioral evaluation difficult, particularly because rats mostly sleep during the day 
when customers are in the store.  
 
Customers also identified cages on bottom tiers as appearing happier than cages on top 
tiers. The bottom tiers were somewhat below eye level (81 cm) while top tiers were at 
eye level (132 cm). This result is somewhat contrary to what Fantuzzi (2010) found in 
cats, in that cats in top tiers (132 cm) were more likely to be viewed for longer than cages 
on bottom tiers (46 cm). However, perhaps the bottom tier at 81 cm is actually the best 
height since it allows for both easy viewing and easy potential access.  
 
Behavioral reasons were customers’ most common reason for cage selection. These 
results compliments our findings from the new rat owners in this study, and these results 
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support research that behavioral or personality reasons are the most important self-
reported characteristics for adoption of rabbits (Edgar and Mullan 2011), cats (Dybdall 
and Strasser 2014; Gourkow and Fraser 2006; Kry and Casey 2007), and dogs (Tesfom 
and Birch 2009). High activity was the most common behavioral reason for rat selection, 
thereby supporting visitor studies reporting a high degree of correlation between activity 
and viewing time in both zoos (Bitgood et al. 1988; Davey 2006; Johnston 1998; 
Margulis et al. 2003) and shelters (Fantuzzi et al. 2010). In Chapter 2, we reported rat 
play behavior and general activity differences across treatments. Since tickling promotes 
activity it is therefore also beneficial for customer viewing. 
 
The customer’s inability to interact with the rats could have hindered customers’ ability 
to assess the behavior of the animals and hence limit the applicability of our data. Future 
studies could allow customers the opportunity to interact with the rats, but requiring 
interaction would greatly decrease sample size.  
Owners 
Our study builds upon prior research of human selection of pets by investigating rat 
owner characteristics and decisions. Our results did not support our primary hypothesis 
that owners would be more likely to select tickled high-caller rats over tickled low-callers 
or controls or that owners would have higher attachment to high-caller rats. A much 
larger sample size would also be required to identify these trends. Despite the small 
sample size, pet owners cited behavioral characteristics such as friendliness as the most 
important reasons for selecting their rat, supporting results found in our customer 
population and previous studies (see owner discussion). These results support the 
implementation of tickling in pet store rats since tickling has been found to decrease fear 
of humans and increase approach behavior (Cloutier et al. 2012). In addition to behavior, 
physical characteristics have been previously reported to influence adoption of dogs and 
cats in self-report (Weiss et al. 2012) and retrospective studies (Lepper et al. 2002). The 
importance of coat color was cited by 44% of owners in this study which is similar to the 
percent of owners citing coat color as important for adopting cats (56%) (Gourkow and 
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Fraser 2006). Overall, an owner’s selection of a particular rat seems to be mediated by 
multiple factors including behavioral, physical, and environmental factors. 
 
Despite the traditional portrayal of pocket pets as pets for children, “enjoyment for an 
adult” was the most common reason for purchase of a rat listed by 90% of pet owners as 
“very important.” In fact, 40% more owners cited “enjoyment for an adult” as very 
important compared to “enjoyment for a child.” These findings could impact future 
marketing and promotional decisions by pet store corporations. Enjoyment overall was 
cited as a very important reason for adoption, higher than rates found in dogs where only 
39-65% of owners rated enjoyment as very important (Mondelli et al. 2004a; Tesfom and 
Birch 2009). Another commonly cited reason for purchase of pet rats was for teaching 
children responsibility (45%) which is quite a bit higher than rates found for dogs in Italy 
(7.2%) (Mondelli et al. 2004b) or the United States (8.5%) (Tesfom and Birch 2009). 
This difference could be attributed to rats requiring less intensive responsibility and 
physical care than dogs; the tasks involved with rat care may be easier for children to 
carry out independently. Additionally, since rats have a shorter life span, parents may be 
more willing to take on this care if the child’s care proves unreliable. 
 
Selection bias and social desirability bias may have influenced our results, particularly in 
the Home Surveys. Selection bias occurs when a truly random and representative sample 
is not achieved. In this study, we intended to survey all pet rat purchasers; however, it is 
likely that the most motivated and positive owners took the surveys while less motivated 
owners did not complete the surveys. Social desirability bias is the tendency for 
respondents to over-report “good” behavior and under report “bad” behavior. In this 
study, owners may have over-reported the importance of behavioral characteristics and 
under-reported the importance of appearance in order to appear as more conscientious pet 
adopters. Finally, administering the home survey only one week after purchase may have 
influenced results. Pet owners may have reported interacting more with their pets because 
novelty of the pet is unlikely to have worn off and maintenance chores may not yet feel 
mundane. With the survey repeated several times over a longer period of time, future 
studies could investigate if these results hold true in larger samples of rat owners that, in 
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addition to pet stores, have been adopted from shelters or rescues and purchased from rat 
breeders 
Conclusions 
In conclusion, based on the measures used in our study, tickling pet store rats appears to 
have minimal to positive effects on humans. In this study pet store employee affect 
appeared to be unaffected by tickling pet rats over the short term, but employee affect 
was found to be slightly less positive when selling tickled rats. Pet store customers are 
more likely to identify high-calling tickled and control rats as happier than low-calling 
tickled rats. Finally, both general pet store customers and rat owners consider behavioral 
reasons such as friendliness very important in their rat selection. Therefore, based on the 
welfare benefits that tickling has on high-calling rats combined with minimal to positive 
effects for humans in the short-term, we recommend using tickling as a habituation 
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CHAPTER 4. CONCLUSION 
Summary and Original Contributions 
Rats initially fear human interaction which increases their stress, decreases welfare, and 
may impact study results for research rats and human-rat relationships for both research 
and pet rats. Additionally, eliciting and measuring positive affective states in rats has 
proved to be both challenging and important. Rat tickling, also called heterospecific play 
may provide a solution to both of these problems. Tickling mimics juvenile rat rough-
and-tumble play by lightly moving the fingers over a rat’s neck and then stomach.  
 
Although original investigation into tickling found that tickling was rewarding to rats 
(Panksepp and Burgdorf 2000) subsequent publications sometimes do not find positive 
effects on welfare (Cloutier and Newberry 2008). In Chapter 1, we completed the first 
systematic review of the tickling literature to describe its current usage, methodological 
considerations that alter tickling outcomes, and outcomes resulting from the tickling 
procedure. Overall, despite a variety of specific tickling methods currently being utilized, 
tickling results in many positive effects for rats including increasing positive 50-kHz 
vocalizations, increased positive human approach behaviors, decreased fear and anxiety 
after stress, and decreased stress from handling. However, as shown in our section on 
methodological considerations some positive effects are stronger in high-calling younger 
animals tickled on bedding. We also found that articles had poor usage and reporting of 
techniques to mitigate bias and did not study human outcomes from tickling. 
 
Therefore, in Chapters 2 and 3, we investigated the impact of tickling rats on both rats 
and humans. We chose pet stores because of the unique potential benefits to rats destined 
to become pet rats as well as the diverse populations that interact with these rats. Ours 
was the first evaluation of tickling rats within a pet store. Considering the importance of 
inter-individual differences shown in previous literature and the impact of tickling rats in 
bedded cages, we split rats into cages based on calling-rate and always tickled them on 
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bedding. We also surveyed employees, customers within the store, and new owners that 
actually purchased these rats. 
 
Our study was also the first evaluation of the effects of tickling on humans as well as pet 
store rat selection and pet store owner characteristics. Overall, we showed that tickling 
can be beneficial to pet rats with minimal to positive effects on humans. Tickling rats 
improved ease of restraint by an unfamiliar caretaker, increased space utilization, and 
decreased inactivity during the day, but had inconclusive effects during human approach 
tests. Tickled low-calling rats were identified as more anxious than high-calling rats, but 
we were unable to tease apart trait and treatment affects. Pet store employee affect was 
unaffected by actively tickling pet rats for the first four days and slightly lower when 
selling tickled rats. Pet store customers are more likely to identify high-calling tickled 
and control rats as happier than low-calling tickled rats. Finally, both general pet store 
customers and rat owners consider behavioral reasons such as friendliness very important 
in their rat selection. 
Future Directions 
In our systematic review of the tickling literature we identified four main features of 
tickling that moderate tickling outcomes. We also categorized the great variety in specific 
tickling methodology. An experimental investigation into the most effective tickling 
dosage, location, and lighting would provide further guidance for researchers that wish to 
use this technique. Additional systematic reviews could also prove useful. For example a 
review of the research into methods for rat habituation could provide researchers with 
rationale for using tickling during acclimation. Additionally, a systematic review on the 
methods to evaluate positive affective states in rats could also be useful for researchers 
who wish to study positive affective states.  
 
During our investigation into the effects of tickling on pet store rats we found that low-
callers displayed more behaviors indicative of fear and anxiety in comparison to either 
control rats or high-callers. Although Rygula et al. (2012) found that only high-calling 
tickled rats displayed a positive cognitive bias after being tickled there needs to be 
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additional research on how low-calling tickled rats experience the tickling technique. 
Additionally, methods to quantify the control rats calling rate by either tickling them after 
the study is completed, conducting a novel cage test, or a rat play session would allow 
better determination of the effects of traits versus the tickling treatment.  
 
Finally, our results on the effects of tickling on humans and pet stores did not show as 
strong an effects as we predicted. This was surprising considering the beneficial effects 
that the human-animal bond is thought to have in the laboratory environment (Bayne 
2002). A longitudinal study with a larger sample size both in pet stores and in the 
laboratory might prove useful. 
Conclusion 
Taken together, the results of this thesis build upon previous tickling literature by 
presenting a systematic review and an experimental application of tickling in pet stores. 
We found that tickling pet rats, particularly high-callers, did improve some measures of 
rat welfare with minimal to positive effects on humans. Overall our results support the 
benefits of tickling on rat welfare while extending these beneficial findings to pet rats and 
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APPENDIX A. FULL SEARCH STRATEGY 
("Playful handling" OR "Tickle" OR "Tickling" OR "Heterospecific play") AND ("Rat" 
OR "Rats") 
This search was applied to:  
1. Scopus 
 TITLE-ABS-KEY((playful handling) OR Tickle OR Tickling OR 
"Heterospecific play" OR "Hetero-specific play") AND TITLE-ABS-
KEY(Rat OR rats) 
2. PubMed 
 ("Playful handling" OR "Tickle" OR "Tickling" OR "Heterospecific 
play") AND ("Rat" OR "Rats") 
3. Web of Science 
 TS=("Playful Handling" OR Tickling OR Tickle OR "Heterospecific 
play") AND TS=(Rat OR Rats) 
 Timespan=All years 
 Search language=Auto   
4. PsychInfo 
 ("Playful Handling" OR Tickling OR Tickle OR "Heterospecific 
play") AND (Rat OR Rats) TI ( ("Playful Handling" OR Tickling OR 
Tickle OR "Heterospecific play") AND (Rat OR Rats) ) OR AB ( 
("Playful Handling" OR Tickling OR Tickle OR "Heterospecific 
play") AND (Rat OR Rats) ) OR KW ( ("Playful Handling" OR 
Tickling OR Tickle OR "Heterospecific play") AND (Rat OR Rats) ) 
5. PubMed –  






























 Other: ________________ 
 
1. How old are you? 
___________ (in years) 
 




 Why? ____________________________________________ 
 




 None, rats do not feel the emotion of happiness. 
 
 Why? ___________________________________________ 
 
4. Would you ever consider purchasing a rat? 
 Yes, as a pet 
 Yes, as a feeder animal 
 No, I like rats, but I don’t want to purchase one. 
 No, I don’t like rats. 
 
5. In the past 2-5 years, what pet(s) have you owned, if any? Please select all that apply 




6. In your lifetime, what pet(s) have you ever owned, if any? Please select all that apply 








 Prefer not to answer 
 
8. To be entered in a drawing for a $50 Petco gift 
card please provide us with your email address: _______________________________________________ 
108 
 
APPENDIX C. OWNER SURVEYS 
 
109 
 
 
 
 
110 
 
 
 
111 
 
 
 
